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Foreword

he papers in this collection were developed out of i joint elfort ol the Center for
Technology in Education at Bank Street College in New York City, and the National
Center on Education and the Economy in Rochester, New York, For some time, we
have been interested in the unique opportunity presented by three developments in
relation to education — advances in our understanding of student learning, and of how
to create edecational environments that foster students’ thinking and engagement: the
potential of currently-availible and future interactive technologies 1o suppont student
learning and thinking: and restructuring and reform efforts that have at their core a
commitment to higher-order learning and thinking for all students. At the same time,
we were struck by the ditficulty of bringing these three strands of ideas and activity
together — cither conceptually or in practice. With the formation of the national center
at Bank Street, it became possible to involve a diverse group of people in wrestling with
these issues. Ata small conference in January of 1990, a group of us from the relevant
communities (reseirch, practice, policy and technology) worked ird to find the
productive intersectior s of restructuring. technology and students” active leaming, The
papers in this collectic v were informed by the work of this conference,

Following the conlerence, cach author was s ged to integrate these three topics
into i paper on restructurmg for learning with technology. Not surprisingly. and despite
the common assignment, the papers emerged distinet. Each author came at the prob-
lem from his or her own perspective and expettise, and tried to streteh to include arenas
about which they did not feel very knowledgeable, In many ways, this effort mirrors
what will have to happen on a much larger scale it these three agendas are to be
integrated. That is, people who are working from different perspectives will have to
nutke a real effort to grasp others” perspedtives and integrate them into their own work,
Itis our hope that this set of papers can contribute to such a process.

Foreword
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Overview of the Papers

In the intraductory paper, Karen Shefngold argues that, if student learning in schools
is to be successfully transformed. the thiee agendas — active leaming/adventurous
teaching, well-integrated uses of technology and restructuring — must be brought
together. While this s a propitious tinee for cach agenda to be advanced, none will
likely move forward very far in the abserce of the other two. She provides examples of
plices where the hoped-for synergy can evolve, and makes some recommendations for
how schools, districts and the media might promote such synergy.

Allan Collins argues that, hecause the muture of work is changing to incorporate
computers in many aspects, the nature of school work il make a parallel change.
Computers will come to be seen as necessary tools for students and teachers in their
school work. Al of these uses are subversive to the prevailing information-transmission
view of education. Using computers entissis active learning, and this change in practice
will eventually foster i change in society's beliefs to a more constructivist view of
education. He also proposes a set of district-level design principles for facilitating
innovation in schools.

While technology nuy or may not gaide or subvert education by itselt, it is usctul
to consider how we might redesign schooling, given a not-too-distant set of advanced
technologics, and a set of assumptions abow farning and organizational design. How
could these go together, if we had the opporenity to redesign schooling?

Christopher Dede considers three future scenarios for a redesigned educational system
that illustrate what an integrated approach contd make possible. He argues that a
complete transformation of schooling is necessary, and that the use of advanced
information technology is essential to the suceess of school restructuring. He proposes
a set of research, practitioner and policy initiatives for moving ahead.

Future perspectives are centrally importars for expanding our visions and inform-
ing long term plans. But if restructuring and reform are to provide the opportunity to
use technologies well for student learning, we st look at where schools are now and
at what it really tikes for people in school systems 1o change how they do their jobs,
From her vimtage point studying schools and svsiems that are restructuring, as well as
some that are implementing technology in innovatis - ways, Jane David analyses what it
will take to make restructuring and technology a resdity in schools. She argues that the
same requisites apply o both restructuring and tecivology implementition — support
and encouragement to invent new ways of doing things, plus the freedom, knowledge
and time to learn to do things ditferently.

At the same time that we need to consider what happens inside of schools and
districts. a broader policy view is critical for considering what is required to chinge the
structure of the larger system so that it can support assd foster innovation.

Ted Kolderie argues that there is currently an “ecology” in schools of muttially-support-
ing approaches to teaching and learning, uses of techndogy and structure. Most
approaches seek to change one of these at the school e district level, on the assump-
tion that the others will tollow. But it is the whole ecaiegy that must change, and there
are as vet no strong incentives for districts to change. He proposes that states withdraw-
ing the exclusive frianchise of the district to operate schools will create the necessary

incentives and conditions for comprehensive changes to oceur.
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Restructuring for Learning with Technology:
The Potential for Synergy

Karen Sheingold

he successtul trnstormation of student learning and accomplishment in the nest
decade requires eftectively bringing together three agendas — an emerging consensus
about leaming and teaching, wellintegrated uses of technology and restructuring, Each
agendk alone presents possibilities for educational redesign el aovery powerful sort. Yet
none has realized oris likely o realize its potential in the wbsence of the othier two.

There have been attempts to nke cach of these agendas, in some Torm, pat of
the educational system for many vears, 1o lidtle effect. Yer there is reason to think that
things may be ditferent now.,

i the past, approaches that consider students active learners, ind that aim lor
students to understand academic contentand e able to think, were seen as important
ler only selected groups ol stadents (Resnick, 19870, Now, in contrast, these goals il
approaches are urged as priorities for all students, The broad consensus emerging
about these ambitious learmmy goals and metheds, supported by a by ol research on
how people feam, both demand and make credible @ more widespread commitment to
this approach than hasalus L been attenmpted.

simikrly. in the past technodogies have been cliimed by some to be the
answer” tor education (Cuban, 1980). These views have now been widely wempered by
an understanding that it is not the featres of the technology alone, but rather the ways
that these capaditios e put o use in human environments that shape their impact. - At
the same time, the technology itsell has changed. Computer-based and video technolo-
gies are more powerful and versatile than what preceded thens, and much more widely
available in schools than are carhier eehnologies, “Their pervasiveness in the adult
world of work has given them anew legitimaey in school, What's more, <1 growing
cadre of teachers s learning how o use them well.

e parallel nanner, velorms ol nuny Kinds have contimually: eveled through
Amencan education (Caban, 1990). Reforms in recent memeory, for example, have
called tor injections” of new forms ol curriculia or teaching methods, or lor more
stringent adherence to standards. In contrast, proponents of restructuring argue that
unless the systemitsell changes inactusdamental and thoroughgoing way. no reforms
can he succeesstal in the long ran. Restructuring provides a framework for changing the

Karen Sherigold: 1he Potential for Synengy
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systenm as o whole, thus creating an environment within which particular reforms may
be carried out successfully.

In the remaining pages | further define these three agendas, lay out the opportu-
nities and challenges each presents, and discuss how the comprehensive advance of
cach requires the other two, 1 provide examples ol places where these agendas are
beginning to come together, and make some recommendations about how the process
might be advanced. In the attempt to discuss these three agendas in relation to cach
other in a paper-length document, many relevant issues (e.g., assessment, accountabil-
ity, incentives, uses ol technology to promote restructuring independent of student
learning) have been necessarily neglected. Some of these are discussed in the four
renklining papers.,

Consensus on Learning: The Opportunity

Elucul()rs and policymakers nationwide now recognize the critical need for students
to learn how to think, to understand coneepts and ideas, to apply what they learn and
to be able to pose questions and solve problems. Such goals, once confined to our best
public and independent schools, are now deemed appropriate, indeed mandatory, for
all of our nation’s children. These goals represent standards that are not simply higher
than current ones, but qualitatively clifferent. It is not more of the same we are after,
but much more complex and rigorous stiandards of academic accomplishment.

The realization of the need fundamentally to alter approaches to teaching and
learning comes from many quarters. The recent Governors' Task Foree on Education
report (National Governors' Association, 1990) emphasizes that students must learn to
Lse their minds well in school, and points out that radical changes are required to redo
the school curricutum. — Textbooks and curricuiwmn, they point out, “focirs kirgely on the
mastery of discrete, low-level skills and solated ficts, and deny opportunitics for
students to master subject matter in depth learn more complex problem solving skills,
or upply the skills they do learn.” Similarly, those who are working on comprehensive
redesign of curricula (American Association for the Advancement of Science, 1989). who
amalyze how students are doing in any particular sulsject (National Research Coundil,
1990). or who conduct national assessments (Appichee, A., Langer, J. A, & Mullis, L V.
S.. 1980: National Assessment of Educational Progress, 1985), all come to very similar
conclusions about what our students ought to be learning that they are not, and about
the changes that must occur in how students lean.

As educators and policymakers put forth the urgency of these new goals for
student accomplishment, they often acknowledge that these goals rest on a quite
different model of what teaching 2nd learning are about (e.g., Shanker, 1990). Effective
learning hinges on students’ active engagement in constructing their own knowledge
and understanding. Such learning is not solitary, but occurs through interaction with
and support from the world of people, objects and technologies of many kinds. By this
model, teaching nvolves less telling and more supporting, fadilitating and coaching of

10
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students, And learning itself is not about a stable body o facts and tuths, but rather
about knowledge that is itself dymamic, that hunins have created.

This set of assumptions is alternately referred 1o as student-as-worker,” student-
centered” or constructivist.” For the purposes of this paper this approach will be ermed
active learming adventurous weaching (See Cohen, 1988, for “adventurous teaching™, to
acknowledge from the heginning that both learing and teaching are under revision,

What Does It Take?

What would it mean to create classrooms where these goals and approaches are
sceriously pursucd? Rescarch in recent decades has informed us about the kinds of
classroom circumstances that help stdents to develop deep understinding of aciademic
content (e, Brown, Collins, & Duguid, 1989; Chipnyan, Segal, & Glaser (Eds), T985;
Resnick, 1987h: Qesnick (B, 1989 Segal, Chipman & Gliser (Eds), 1983), Students
should engage in complex tasks (such as conducting a science experiment, composing,
4 poem oramilyzing the causes of cconomic decline in their local community) thiat
cratble them to participate in the nany processes that comprise intellectual accomplish-
ments. These should be tasks that, by and Targe, do not have one right answer, or only
one route to solution, To the extent possible, students should engage in work that has
a purpose that is understandable. even compelling, to them. Authentic and legitinte
wark, and work that has real connedtion to the world outside of school, is likely to e
engaging and memorable precisely because it matters.

Morcover, because students come to school with narkedly different back-
grounds, interests and skills, leaming must be individualized much more than a typical
lesson fornat allows. This docesnt imply that studerits should spend all of their time
learning alone. To the contrary, small group and collaborative learming are effective
methods for accommodating and addressing differences in students” understanding and
skills, as well as for involving them in complex and challenging tasks. But this point
does suggest that the lockstep approich o learning (that s, everyone in the sime grade
learning the same thing at the same time in the same way) typical in most schools s
likely to Fail for niany students. Schools must find ways of diagnosing students’
strengths and weaknesses, devising programs that assure that they build on their
strengths, pursue interests, cultivite new interests and get help where they need it

In addition, clissrooms will have to be plices where all students can be deeply
engatged in subject mater leaming, Leaming to think and leaming content are integrally
related. 1tis only through serious involvement with content that students can be helped
and challenged to reason, question, integrate information from different sources and
devise their own interprettions, At the same time, it is precisely through such *higher-
order” activities that students come to understand and remember information and ideas.

None of this is likely to take plice unless studenis leam and develop in schools

and classrooms where they feel safe, welcome, supported and respeced.

The Challenge

The challenge that goes with these Kinds of goals and approaches to student
learning is profound. Over the history of education, these approaches have been the
most difficult to achieve, and have succeeded only at the margins of the educational
establishment.

11
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Creating schools in which students are engaged in learning, and are leaming
how to use their minds well means asking weachers to do something that is very hard to
do. It requires their hoth giving up i set of long=held belicts about teaching and
lestrmings, and also devising snd inventing instruction that enthodies these new goals and
approaches. Indeed. as David Cohen cloquently argues (Cohen, 1988). we know little
about the instructional implications of the view of learning that pervades — implicitly if
not always explicitly — current reform efforts. s term sadventurous teaching aippro-
priately conveys what is involved in doing such teaching, as well as what is entailed in
hecoming such ateacher.

This approach also requiires sehools and teachers to nake very hard choices
about curriculum, 1t students e to be held accountable for understanding, naot just
memorizing. for applving their knowledge, not just reciting it for demonstrating their
understanding through carrying out comples projects and doing their own rescarch,
then students must venture more deeply into a caretully chosen set of topics or con-
cepts. Teachers and others will live to decide what curriculuny deserves tocused dton,
and what can be ignored.,

Similarly, many organizational teatures of schools come into question it this
approach is tiken seriously. For example. forty minute periods cannot dojustice to the
kind of work we expect students o do. and some of the information resources students
need for their work nuay not be found within the school walls, but in the farger comn-
nity or over eleconimunications networks.

Cleary there is no single way o embaody these assumptions. approaches and
pouls ina functioning school, There are teachers, principals and reform groups Gsuch as
the Coalition of Essential Schools) whoare seriously tiking on this task. But the ficld is
genuinely open for experimentation, discovery and ercation. Indeced. the possibility ol

suceess hinges on such openness.

The Need for Restructuring and Technology

Whitt is required tosidvance this agendi in the nation's schools? First, i wide-
spresd public commitnient to it from educational leaders and policynukers. More
important than public staitements and documents. however. is the real commitment to
creating the kind of environment for schools and teachers in which innovations can be
tricd and supported Gsee David paper). In such an environment, people iare encour-
aged 1o take risks, to learn from each other Gud from those outside the system), to
work hard at changes, which, whether they succeed or ail, caninform future plans and
designs. Both of these conditions are met by restructuring as corrently defined.

Finally, becanse active learning and adventurons teaching are so ditficult to
realize. schools and teachers will need to have abundantly availible and make well-
integrated use of techmologies that can signiticantly support and advance this agenda.

Kewren Sheingold: 1he Potential for Synemgy
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Well-Integrated Uses of Technology: The Opportunity

Wilc future technologics otter almost uninuginable capabilities to education (see
Dede paper, this volume), even those currently availuble offer significant potential for
supporting active leaming and adventurous teaching. For example, computer software
tools, such as word processors and graphing programs, can help organize and structure
complex tasks for students. Video and videodise technologices can provide visual
eximples of real-world phenomena, events and stories that then constitute & shared
basis for student problem-finding and problem-solving activitics. Computer networking
technologies and satellite communications can help promote local and long-distance
colliboration and communication among studlents and teachars, and can provide the
means for students and teachers to become part of a lairger community of scholars and
scientists,  Within classrooms and/or through neiworks students can create and have
aceess to databases of information that can enhance their research efforts. Multimedia
technologics can bring into the clissroom much richer sets of materials for feaming than
are typically available in classrooms or school libraries today. “These can contribute
significantly to students” exploration and rescarch. The production capabilities of
computers and video cameras can enable students to create attractive, professional-
looking products of their own design, which can e easily shared and revised. The
public nature of computer work in classrooms can help to support collaboration,
discussion and reflection. Some Kinds of computer software can make visible and
nmanipulable for students their own thought processes (e, the relation between a
question they had and a picee of information they found), as well as conceepts that have
proven hard to grasp (e.g., what a median is). Others allow students to simulate and/or
model complex scientitic, economic or historical events and phenomena, thus exploring
the variables and relationships that constitute these phenomena.

These uses can contribute to the kinds of classrooms we envision. Taken
together, they can provide a resource-rich environment for our often crowded and
resource-poor chissrooms,

All of these uses are oceurring in some schools in this country, as are other
creative uses of technology that can support students’ engagement, active learning and
thinking. There is an increasing number of anecdotes and stories from the field about
good projects, excited teachers and students and ereative uses of technology. Educa-
tional technology magazines regularly report impressive stories about what teachers
have accomplished with technology in their classrooms. Research evidence is begin-
ning to accumulate that computer use in clssrooms can support and help bring about
active learning (See Collins paper, this volume).

In addition, a recent survey of a special group of teachers — those who had
been nominated for inclusion in the study because of their accomplishment in integrat-
ing technology into their teaching practice —— revealed that most of these teachers
believe that their practice itself has changed as a result of using computers (Sheingold &
Hadley, 1990). They indicated that they are able to present more complex material to
students, that student work can proceed more independently and in ways that are more
individually-tailored, and that they are acting more as coaches than as information
providers in more student-centered classrooms. Importantly, for some of these teachers,

the process of integrating the technology did more than enable them to change things in
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their ciassrooms, it actuatlly helped them to see that things should change, as well as
how they could. Tt appears that technologies can help teachers to teach differently, and
can perlips present models Tor the more complex Kinds of tasks in which students

should be engaged.

The Challenge

Despite the promise that technologies offer to schools, and despite encouraging
developments in some plices, its potential is not being widely realized. Technology in
schools has vet to be purposively tied to agendas for leaming on a kirge scale. Com-
puter-based technology has been brought into schools during the past decade kirgely
because it was scen s important inand ol itsell — o cental component of the world of
adult work snd of our children's future. Programming and computer literaey in seconed-
ary schools, and drill in basic skills in clementauy schools, have dominated computer
use in most schools (Becker. 1990). Only recently have applicitions — word proces-
sors, database nanagement systems. spreadsheets, graphics programs — niade their
wity into classrooms in significant number. And only recently have educators been
aempting to integrate computers into subject-natter feaching and learning, But
technology is not likely to have a qualitative impstct unless icis deeply integrated into

clissroom purposes and activities.

The Need for Active Learning and Restructuring

This is where active leaming and adventurous teiching come in, 1 districts,
schools and teachers decided that the central GEnot only) purpose of technology wis
helping to realize these goals and approaches. then technologics would have i compre-
hensive. exciting and forward-looking mission in schools, And i mission they are well
quatificd to tike on. This purpose could bring focus and depth to their use. would
cnable schools to tike advantage of the expertise of teachers whosare already trving to
use technologies to further these goals, and would likely have significant educational
impnct.

Giving technologics o serious eduaitional mission in schools and districts is not
sulficient, however, Oncee tesichers begin to use technologies well to advince student
learning. they often:

e need more time to learn about, gain additional training in and phin tor use of

the technologies;

o wint students to have longer blocks of time in which to do their technology:

Dased work;

o waunt tointegete curriculum and iy team teaching: and

e necd greater access to more technology for themselves and their students,

The barriers these teachers must overcome (hwyer, Ringstll, & Sandholtz, 1990
sheingold & Hadley, 1990 are precisely what weachers in restructuring districts have tor
are supposed to have) authority o change.

tis very unlikely that the widespread and effective use of echnologies to
promote wctive learning can happen unless schools cian reorgianize their own structures,
prionities ind spaces. As with active learning, serionshy pushing the potential of wech-

nologics requires o commitment to thoughttul innovation, and i school and district
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community that supports such change. Restructuring can provide the context in which
such innovation can take place.

Restructuring

ithin the fast decade there has been a near-universal recognition that our schools
are not working for a very Lirge proportion of our students. The list of indicators is
long, consistent and depressing, Not only are students not learning the complex skills
and knowledge they need to function effectively and productively as citizens in our
democrittic society and increasingly information-oriented cconomy. But nany are
dropping out long betore they complete high school, Others, although present. reniin
lethargic. uninterested and not challenged by e system that rewards quicet, chedience
and passivity.

A first wave of reform. based on the assumption that what was needed wis
higher standirds defined by Lrger doses of the same sort of education (e.g., more
requirements. e longer school day and year) has not produced significant positive
results. A second wive is now proceeding. on the more radical assumption that what is
needed is nothing less than a wholly reorganized system that operates on o different set

of expectations and incentives.

What is Restructuring?

In practice, the term restructuring” means niamy things at the moment. ‘The term is
applicd to phenomena as diverse as giving teachers more authority for school numnage-
ment. reorganizing a scheol's dily schedule, developing perforniance based assess-
ments to measure student leaming and creating ungraded classrooms. Either the term is
ill-detined or refers to something so genesal that all of these phenomena qualify as pan
of it. Bothare true. Yetan attempt at definition is critical, if restructuring is to maan, as
it must. more than this year's special project.

The tocal idea underlying many restructuring efforts is that the system itself,
from top to bottom. must be reorgianized in order to achieve the kinds of learming and
thinking outcomes now seen as necessiry for students. An organizational structure
must be areated in which authority and responsibility are aligned and in which those
who are charged with getting the job done. namely schools and teachers, have the
authority and support they need to doic well, In the long run, schools and districts
must be accountable for achieving certain yet-to-he detined outcomes, ratber than for
adhering to a set of procedural guidelines and regulations. They. the educators, have
the responsibility tor deciding how they will reach these goals (David. Gohen,
Honetschlager, & Traiman, 1990; Tucker, 1989),

Such an approach dictates a very aiflerent relationship between the central
olfice and schools, because many decisions are pushed down to the school level. The
central office then takes on i more supportive role towards the schools. Rather than
telling them how to do what they must do, or whether they can do something, the
central office helps them to get things done. Additionally, community participation is
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seen as centrally important in setting the goals for the school system and, in some cases,
in school-hased decision niaking as well,

This systemic approich by itself says nothing about how schools shall operate
or teachers do their work, Ttassumes that. given the authority, support and incentives,
school stafts can figure out how to achieve the desired outcomes. It is hoped that,
through such a structure, people’s best efforts and energies will be mobilized and
flourish. Over time, this outcomes-oriented system that respects teachers as profession-

als should lead to a much more productive educational system on a large scale.

The Challenge

The challenge of making the complex changes that :are called for by re: qucturing
is staggering. Virtually everyone in the system — superintendents, principals, teachers,
students, parents, school boards and community members — must learn how to do
their jobs differently. Resource allocations must be reconsidered, often by people who
previously were not responsible for doing so.

What were formerly taken as “givens” are now heing reconsidered. What
constitutes 1 school (no longer a building) is being called into question, as educators
discover the importance of creating small communities within which students can be
known and valued as individuals. Within schools, schedules, grouping practices,
teaching assignments, the use of space, curriculum and assessment all must be re-
thought and redesigned. District and state regulations, formerly unscalable obstacles to
change, are being waived for schools that can justify the waiver as necessary for their
programs.

The Need for Active Learning and Technology

With all of this activity in the interest of systemic change, by far the most serious
challenge for restructuring is actually changing what and how students learn in school.,
If this does not happen, restructuring will have failed to achieve its central purpose.

Thus, the ambitious goas for student accomplishment and radical approaches to
reorganizing the educational enterprise must be met with equally ambitious and radical
approaches to altering learni~2 and teaching in the classroom. If it is qualitative change
we are after, we must be willing to design and craft qualitatively ditferent instructional
practices and learning environments.  The active learning/adventurous teaching ap-
proach, consonant with the goals currently put forth and with what we know about
how seudents learn academic content and become thinkers, can guide, inform and itself
be informed and expanded through the restructuring process.

Finally, if restructuring is to suceeed on a large scale, it will need to take
maximal advantage of tools and technologies that can support the process. Itis unlikely
that the ambitious goals for learnirg and teaching can be met without widespread,
creative and well-integrated uses of technologies of many kinds.
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Efforts at Synergy

II' this argument is correct, then considerable synergy shonld result fron the thoughttul
bringing together of these taee agendas. Each both requives and advances the other
two. Considered separately:
L. Restructuring provides the expectations iand organizational conditions in
which genuine, well-supported and long-laisting innovation can oceur and be
sclf-sustaining;

[ )

High standards tor student accomplishment and an active leaming
adventurous teaching approach twell matched by newly-designed
assessments and accountability systems) define both purpose and direction
for the innovations: and

3. Technologics actas both supponts and catalysts Tor the redesign of learning

and teaching Gind of the reorganization effor).

As of yet. evidence of such synergy s slim indeced. But that is not surprising,
given the receney of all three agendas, and how challenging cach s in its own right.
Yot these ideas are making their way into a number of public forums — alth wgh more
commonly as restructuring and technology, with the leaming cither implicd or left out.
Inthe last few vears, increasing numbers of national conferences — including those for
the educaional community (Minnesota Educational Computing Consortium; National
School Boards Association), and for rescarchers (American Educational Research
Association) — have included restructuring and technology on their agendas. The
National Education Association and the American Federation of “Teachers have each
been involved for several years with technology projects in support of restructuring, in
collaboration with major vendors. The Coalition of Essential Schools Tias just begun an
[BM-supported project to assist two of its schools in developing computer-biscd
assessments Cexhibitions,” in Coalition terms) of student performance.

There are also schools and districts working on these issucs, Evervthing is in its
carly stages; nonetheless, there are three types of examples T have been able to gather
— technology schools in restructuring districts, a technology: adtive learning project in a
restructuring district and whole districts making technology an element in rest ructuring,

Technology Schools

In some restructuring districts (e, Dade County, New York City, St Paul, San
Dicga) technology schools are being created. New schools offer unique possibilitios
because they can start from ground zero and decide and design what kinds of plices
they want to be, “Technology schools, in particular, are interesting because they can
provide real examples of integrated use of technologies in environments where technol-
ogy resources are plentiful, and where staf and students are interested in using them
imaginatively,

In some districts, where new buildings are being designed for technology
schools. there are exciting opportunities to think through the spatial implications of

reorganized leaming environments. For example, newly designed schools might have:

¢ teacher technology rooms, where teachers could have aceess o technology

they use lor their work and collaborative projects:
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o spatces of different sizes and shapes for student individual we wk, snuall
groups and Lrge groups;

o special studios or spraaces where students couled do techne logy-intensive
projects:

e clectronic displays of student work in classrooms and public spaces.

There are two risks of technology schools, however, The first is that they may do
on a district-wide Tevel what computer ks doin some schools — relegate the technol-
ogy o place on the margins of the system. Thus integration is harder to achieve. The
wecond risk s that they iy represent i focus on technology per s, absent an educa-

tional vision,

school of the Future. A technology school with an educational vision, the
School of the Future, Tas just begun its first year ol operation in New York Gity's
District 2. 1 came into being as s result ol grant from the United States Department of
Fducation's Fund for Innovation. 1 is inadistrict where the superintendent has been
supportive of schools that give the students in his district avariety of options lor good
education. Al students in the district niy apply to these schools. Starting at seventh
grade. with 82 students, this school plans to add wgrade cach year through high school.

Betore the school opencd, the technology=sophisticated director ercated e vision
for the sehool as e plice where teehnology wars used Tor leaning, She hired six
wachers, three of whom i teehnology expertise, and together they plainned and
continue to plan what kind of school it is going to be, They selected students who
were interested in technology (though not necessarily experienced witlio, who had
stick-to-it-iveness,” and who witnted to work in groups. The ethnic composition of
students was selected to nateh that of the district €300 Asian, 300 White, 200 Hispanic,
200 Black), and academic achicvement was considered only to assure adequate
diversity.

In the plan, there is an emphisis on students using technology to do projects,
on students having time to get deeply involved in their work Clo0-minute periods) andd
on teachers heing guides and coaches to the students. Teachers spent agreat deal of
time over the summer planning the carriculum (English and social studies are integrated
into hununities), and were able 1o do some ol their work over the Board of Education’s
network (NYCENET),

The school Tas anetworked computer Fab, where students take their echnology
cLiss and sre now lesrning Dasic applications. Once students master the basic applica-
tions (word processor, databise, spreadshect). the echnology class and lab will he used
for student project work, The school also as computers in the classrooms (o lor 28
studdents . seanner, laser printer, video production cquipment, CD-ROM drive and
even an clectronic casel that the school found abandoned in the old district offices,
Eventually, students will e loaned computers to take home,

Although the plans Tor the school sound very ditferent Trom that of most
schools, the school is sl und by state and city requirements and examimations, 1t is
approaching student assessment gingerly, plainning lirst to work onatlterative lorms of
dassessing students in eledive courses.

It is much too carly in the school year to know how any ol this will work out.

but the teachers have been given agreat deal ol authority to design and redesign the

I8

Aaren Sheingold: 1he Potential for Syneigy

21




Q

ERIC

Aruitoxt provided by Eic:

cducational program in the school. They see themselves as leamers s well as cretors,
and e taking an appropriately experimental approach to their new school,

Certainly, from the perspective of size, selectivity and resources, this school is
starting out with nuny advantages. Some obvious basriers do not exist, or e lessened.
But removing iirriers does not ensure suceess: rather, it gives these techers more time
to focus on the central issues of learning and teaching. They will be faced squarely with
aset ol very hard problems about how to ereate a school environment that is funda-
mentally different from what they themselves have experienced. This school, therelore,
represents lertile ground in which to grow a technology-infused, reorganized school that
gives student learning high priority. What is not clear is whether or how what is
learned in this school will affect any other restructuring eltonts in New York City,

Technology Projects in Restructuring Districts

All districts have computers and related weehnologies, some in large quantity. In
most districts, one can find special technology projects, olten carried out by schools in
collaboration with universities, and somaetimes with hardware vendors, But there are
few projedts inrestructuring schoobs and districts that are explicitly aimed at furthering
both reorganization and active leaming The Discover Rochester (NY) project s one,

Discover Rochester. This rescarch and demonstration project is entering its
second yaar inae Rochester, New York middle school. The project involves collabor-
tion among the Rochester City School District. the University of Rochester, the Rochester
Museum and Science Center and the Center for ‘Technology in Education at Bank Strect
College.

Rochester, an urban district with Lirge numbers of poor students, is undergoing
nutjor restructuring. - As part ol this effort, it has reorganized its middle schools into
houses. which are subdivided into grade-level clusters tught by teams of four teachers.
The Discover Rochester project was carricd out with i chiss of ne m-Regents cighth grade
students Tast year, and will expand to more students this vear,

The purpose of the project is 1o help students develop the thinking and problem
solving skills necessary for directing their own leaming and for communicating what
they have learned. The interdisciplinany project incorporites subject-matter curriculum,
and locuses onand tkes advantage of the local community. Students are finding out
ahout the Rochester environment from scientific, nxthenatical, historical, culturl and
literry perspedtives, working in groups to condudt rescarch, and communicating their
understanding viac i multimedin muscun exhibit, The exhibit, Discover Rochester, is
creited on Macintosh computers, and displays studeats” work through text, audio,
graphics, music and maps, The exhibit has been on display ina local museum, the
Rochester Musceum and Science Center.,

The project ties in very well with district pedagogical and organizational goals,
which include the integration of technology into subject matter teaching, interdiscipli-
many titching and schools as centers o inquiry that nuike use of community resources.,
Teachers agreed that students could devote one full day 1o this project, thus each giving
up one period ol instruction per week to it The district allowed these teichers to waive

saccountability for their students” district-wide final examinations, frecing them from
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having o cover the same amount of material in their regukie courses, In addition, the
district purchased the equipment needed for the project.

The one-semester pilot last vear produeed very encouraging results, Students
were very engaged by the project, cime to school more and participated in cliss much
more than they had previously. Some gave up other time (e, lunch) to work on the
project. They produced much higher quality work than they had before, and learned o
use computers quite Muently Chaving had litde or no previous experience). Through the
project, they spent more time off campus doing their school based work. such as
interviewing people, and gathering other kinds of informition te.g., photos atalocal
muscum).

The teachers also became very involved in the project. Previously inexperi-
enced with computers, they leamed agreat deal about technology. - More important, the
projeat provided thenn an opportunity to colliborate with cach other and with project
Sall, They did so suceesstully, despite many differences in style and pedigogy. As
teachers came to see and build connections between the Discover Rochester project and
their own curriculi, the project begin to make its way into clhissrooms during regulir
class time. For example, in English cliss students spent i week reviewing what they
lad written for the Discover Rochester exhibit and planning their revisions. I addition,
teachers hecame aware that a different kind of role wis necded when working with
students on the computers — more Facilitative then directive — and that this transition
wits it very difficult one to nuke. By the end of the year, these weachers were better
able to play a fadilittive role, and were much more comfortable about it than they had
been earlier.

It is encouraging lso that new teachers, not members of the cluster team, have
asked to be included in the project this year, The district views Discover Rochester as
lighthouse project,

Will the kind of synergy this project is creating lead to broader innovation of this
kind in Rochester. or will the project simply disappear onee the rescarch is complete?
We don't know. Butif it continues to tike hold and be successtul in the eves of the
participants. it will put pressure on the system. As more teachers hecome interested and
involved, they will need more technology, and will want to - leam how to use it produe-
tively in their own subject matter chisses. Some e already asking tor this,

But teachers do not now have the authority to ke their own technology
purchamg decisions, or to allociate resources for their own training. Whether and how
they will get the long-term support they need onee the research project is completed s
not chear.

A second way this project is putting pressure on the system relates to the issue
of scheduling. Because students devote a full day per week to this project, and because
all of the computers are located in the scienee room, complex schedaling problems
have resulied.

As the project grows, atdifferent accommadation of space and time will have to
happen. Clusters of teachers nuy decide they need not one day per week for aspecial
project, but for projects to become part of evervday life. In this case, periods may have
to be longer than -0 minutes. And students mity need special project development
spatce where they can do their work,
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Once some critical mass of teachers has become involved in using technology to
promote students” active leaming, they should be able to generate both practical
solutions and exciting ideas for restructuring to more effective school organization and
use of resources. Because it is taking place in a restructuring district, and if the project
is to be the impetus for further innovation, the new demands it creates should be seen
as opportunities for inventing new forms of schooling within existing schools.

Technology in District Restructuring

While large districts have yet to take the lead in making technology a wide-
spread and integral part of restructuring, theve are two small districts in which both
technology and an active learning/adventurous teaching approach are being attended 1o
— the Chittenden South School District in Vermont and Central Kitsap in Washington.

In Chittenden South, a rural Vermont district with 3000 students, restructuring
and technology have been proceeding on parallel tracks. The schools are involved in
an effort to restructure around a set of what they term ‘essential learning behaviors for
students, goals that a committee of teachers designed. They want their schools to be
places where learning, not teaching, is emphasized. At the same time, a very active
technology program for the schools, run by a group of teachers and one administrator,
has resulted in extensive use of computer and video technologies in the district.

The two strands of activity will intersect in the process of planning a nuijor
addition for a K-8 school that will house 1000 students when the addition is completed.
A team of wachers has been chosen to plan and pilot the new program, to begin in fall
of 1991, when these teachers work with 100 students in groupings that are multi-aged
and non-graded. The roles for technologies in that school are under discussion, but
there is a commitment to having lots of technology in the new addition (a 5:1 student to
computer ratio). As seems to be the case in many other districts, the very physical
reality of the new addition has created an opportunity to infuse the system with more
technology. What is most interesting, though, is how the technology and learning
agendas will intersect with and affect each other.

At the other end of the country, in Washington's Central Kitsap School District
(11000 students), restructuring efforts are underway. In the last few years, there has
been a move to site-based management, and responsibility for all schools to develop
their own operating plans. With fully half of the teachers involved, an overall plan for
restructuring the district has been developed. There s a significant commitment to
technology in the plan, a commitment funded fargely by a local bond issue,

How did technology get into the plan in the first place? The core group of
leaders (mostly teachers) who thought about and planned the district changes were
strong advocates for both restructuring and technology and themselves technology
users. The coordinator of the planning process is among these.

The plan is pedagogically eclectic, and varies among schools. although there are
plans for a networked system of computers for all schools, at east for the teachers,
within the next two years.

A central focus of the effort is on weacher support and training. There are many
teachers in the district who are not experienced with weehnology. An clementary school
opened last year that had few computer-using teachers, but at the same time provided a
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Recommendations

conzputer Tor every two students 16 each per dlassroom plus 2 labs,and e computer on
cach tacher's deshy. The computers were networked sind were ased primearily s
delivery sestent for instructional programs. Over the course of the year the teachers
became acquainted with the technologs - and miade extensive and enthusiastic use of the
electrome mail feasare, which atlow ed them o talk o7 cach other and to heep track of
Wit sas happening in the school. Interestingly . the teachers are nowashing for more

sophisticated, more interactive progeams for their students,

I tw o other elementan schools, multimede echnologies will Tave anajor role
in the instructional progrant. In one, for example, teachers will work in teaims o
organize currientun around themes during i common plinning time. They will use
weelnologies to create multimedia problem-solving sttions on one of these themes,
Stcdents will work in groups eveling througl these stsions, while teachers ave available
as Ladilitators. Almost hall ol the teachers inthis school are involved in this program,
and they sall tain their colleagues.

The restructuring and weehmology elfons continuae 1o work together in this
district, with the extensive plinning and teining eftort stll in progress. What is very
impressie at the outset is the commitment to working on these agendas together. anld
then to providing enough technology and enough support that many teiachers can
become hnowledgeable users. That was, Lirge numbers of teachers canintelligently

experiment with and push the boundaries of technology nse tor change in their district.

’Il‘u-w enamples aside, the integraton of restructuring, active leaming and technology
is not vet oeearring on e lrge scades Why notz At least becanse albthree developments
are relatively recent, and because bringing them together is not casy to do. Perhips
onver time thiese agendas will corme together on their oven, or, as Allan Collins argues,
mercasing use of technology wild maturally move schools in the diredtion of active
leaming. But the situation s too urgent and the opportimities too great simply o wait
and hopes Here are a few recaommienclgions that may move the process along.
1. Bring technology and learning to the same ‘table’ when restructuring is
being planned.

As it stands now, these agendhs e on sepaste tnachs inomost districts, aned
technology is not hamessed to estructuring. So. o example, teachers can decide on
set of lesarning goals for the district, and not ask tor beaskedy about how technology
nay cidvance or support these goals, At the same tisae, technology specialists cin
decide 1o spend money on techinology they believe will be usetuland not ask tor be
ashedy how this purchase relaes to the newly-detined goals. Poless both agendas are
held accountable toand participate in the Lirger restructuring eflorts, the opportunity for
synergy will be lost.

Chances are very high that, inany district, there are teachers or computer

coordinators who are expert at integrating tedimology into classrooms — who are
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hnow ledgeable about the intersedion of technology and classroom practice. Such
peaple should be sought out and included in the process: they will have agreat deal to
contribute,
2. Reconsider how technology is organized in the district.

Are there structural wavs 1o bring echnology closer 1o leaming goals? Vechnol
ogy budgets and anthority could be more decentralized, so that schools or groups ol
teachers that want o invest in echnology may do sos Oril echnology renains part of
the cential oftice, it conled be hinked direaly swoth coriculuns and instaction Aler
natelyea committee of teachers could be naking ke technology spending decisions.

How technology monies e spent,and the process by which those decisions
are made s eritical ssues 1 echnologyis thought about s tool for iestruciuaring,
then hard questions must be ashed and hard choices mast be nade, For example, it a
restructuring school las some ssgndicant nonmber of dollars o spend on compters Gor

Wanits to rnse money lor technology), should mones be spent one
doesssteme that can help o individualize students” sehedules and adivites, Iy
manniging and repeesenting tis indormation in savs that are casily aceessible
anc usable to students and weachers,
b ateacher network i the school, with computers on cacheachiens desh, so

thar teachers can communicate and plan together more casily ;

coloaner machines that weachers who do not ow n computers can tahe hone

to hecome more expert with the echnology:

Jdoamultimedia laboraory . with computers, videaodises, G RO phvers and
peripherals that enable stadents and wachers o create their own
presentations and produicts; or

voomore classroom machines, so that the technology can becomie betier
mtegrated with students” ongoing work?

Clearly, there is no one right ansswer. I fact, all of the above could be the
solution. But Living out and considering these options inrelation 1o local circamstances
and goals tor restructuring, leaminz and waching should be s hey discussion. T he
result will have signilicant ingpat.

I addition wechnology detands much more than hardw e, sottware and
technical support in schools and districis. I needs people who can help teachers
ntegrate the weehnology into theie practice, “Fhese may be computer coordinators,
niedie specialists, other teachers or outside consultants or groups that provide such
services. But schools and districts need o cultivine resident capaeity of this kind. Onee
teachers have become conpetent with technology, plans for and discussions of how o
use e really about learning and waching, and abouat how to tailor techinologies 1o the
needs ol individual teachers and students. In-house suppont from colleagnes will be of
greatest long-termi value,

3. Work towards a critical mass of technology and teacher expertise in
using it,

Technology can support actve leamimg and restracturing i schools and
districts. But only it there is enough echnology and., just as important. broad enougly
expertise n using technology tor weaching and leaming. Onee there is . entical mass ol

teachers and administrators who understand how they can use techinology 1o support
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active learning, they can together think through and implement the structural, organiza-
tional and curricular changes they want o make in the school Gind perbaps also the
district).  Without such a critical mass, efforts at widespread technology-infused change
will floundler.

What constitutes :t critical mass of technology expertise? There is litle evidence
on which to nmake i judgment. Nonetheless, T speculate that if half of the teachers ina
school were comfortable with using technology in their teaching, and did so with some
regularity in a variety of curricular areas, there would be a sufficient critical mass of
expertise. Teaciiers could then help cach other with the technology use and could
think together about the kinds of innovations they want to implement.

As for technology, the critical mass is not defined solely by numbers of comput-
ers or other technologies, but also by where they are located, who has aceess to them
and how they can be used. For example, i large number of computers used solely to
step students through a programmed set of drills for a given number of minutes per day
will not be enough.  These rigid uses do not give students or teachers the opportunity
of being in control of the technology, or of discovering and designing ways to use it for
students” active learning.

On the other hand, one could take the same number of computers, provide
software and peripherals so they could e used in multiple ways, and plice some in
classrooms, some in projed work spaces for students and teachers, and some on the
desks of interested teachers. With this configuration a critical mass of technology based
experience could be developed and supported.

4. Use media to convey new images and metaphors of schooling.

If educators are successful in integrating these three agendas in the next decade,
we can expect to hive created schools whose students” achievements are both higher
thin and different from those of today's students. The schools where these students
learn will look, and feel different from what we generally think of as “school.” These
differences may create considerable discomfort for those of us who have grown up in
traclitional schools — that is, most of us. Whatever we may believe schools should be
like, the traditional images are very powerful — teachers standing up in front of quiet
children, students seated in stratight rows, teachers telling students things. The inages
derive power from their familiarity.

Itis very important, then, to cultivate new images of schooling, so thit the new
can become familiar and comfortable. The media can effectively portray these new
images — snull groups of students engaged in animated discussions about dati they
inspect on i computer screen: i student interviewing a senior citizen in the local
community about local history while other students videotape the interview: a teacher
and a student discussing and evaluating the contents of the student’s pontfolio of work.
which includes products in several different media.

National media, particularly television, can be i1 powerful foree in creating these
kinds of images for the public. In small measure, they have begun to do so. But the
need for such images far outstrips the investment made to date.

Local and much less expensive efforts nay also be eftective. For example, a
Maine clementiary school that is restructuring makes creative use of the talents of a
retired citizen who volunteers his video services (Riy, 1990). He visits classrooms, tapes

).

-
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children at work and interviews them. He also tapes their performances. plays. readings
and antwaork. His tapes are broadeast on the local aceess cable channel. Local parents
not only have the pleasure of seeing their children on television, but also of seeing
some new images of what school is — of what their children's school is.

Conclusions

I have argued here that these three agendas — active lcarning, techinology and
restructuring — cach powertul vehicles for changing leaming and teaching in schools —
need the other two to be maximally effective. Indeed, the potential for SYNCIgY is very
great it we imagine all three coming together in schools and districts.

Technology can work much more powerfully in schools il tied to learming and
leaching purposes of the kinds we have deseribed. and if encouraged and supported in
erironments where change, reorganization and reflective experiments are valued,

The active learning adventurous teaching approach, simikarly, can come into
aeing onalarge scale only when ambitious goals of the kind now being widely put
forth for all students are actually meant, and in a reform environment in which schools
and teachers are expected and supponted to take serious risks to do their work more
citectively.

Finally. restructuring cannot succeed unless its ambitious goals for student
accomplishment and radical approaches to reorganizing the educational enterprise are
met with equally ambitious and radical approaches to altering learning aad teaching in
the classroom. The active learning/adventurous teaching approach is the one most
consonant with the goals currently put forth. Morcover, putting interactive computer
and video technologices into the service of these learning and teaching goals can provide
substantial support in reaching them. Put more strongly, it is unlikely that these ambi-
tious goals for leaming and teaching can be met on a large scale without widespread,
creative and well integrated uses of technologies of many kinds.

What T am urging here is not just an cftort at synergy, but at a coherence of
educational goals, approiches, tools and structures that, even in very rough approxima-
tion, can transtorm schooling. Fam well aware that cach of the elements in this "coher-
ent” scheme is itself not fully formed. Therein lies great oppe rtunity.
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The Role of Computer Technology
in Restructuring Schools

omputer technology and electronic networks have been slowly infusing the

schools (see Becker, 1980). This equipment is unlikely to end up in closets or even sit
idle most of the time, because of the widespread and growing use of such technology in
both business and the home. Henee there s a kind of authenticity' (Brown, Collins, &
Duguid, 1989) to using this cquipment in the eyes of students and weachers: students
want to use the technology because it represents the future. In asociety where most
work is becoming computer based, school work” cannot forever resist the change.

When a technology becomes widespread, whether it is the book, the automobile,
or television, it has ramitications throughout socicty, including education.  For example,
the invention of the printing press and the book had protound effects on education
(Boorstin, 1983: Eisenstein, 1979). It made the ideas of universal literacy and public
schooling possible, and led to a deemphasis in teaching the art of memory. The
automobile and bus led o the consolidation of rural schools and the dispersion of
people to the suburbs, and in trn to the split between urban and suburban education,
and busing to achieve racial integration. Television and video technology is even now
having protound eftects on education, such as the decline of print culture and the rise
of a visual culture, low tolerance for boredom and the loss of innocence for children
(Postman, 1982). Similarly the computer and the electronic network are likely to have

profound impacts on education, and it behooves us to consider these as we think about

There are two views of education that have been at war for centuries: the didactic
or information-transmission view, and the constructivist view (Brown, Collins, &
Duguid. 1989; Cohen. 19881), The didactic view is the prevailing view among the
general public. Beholds that wachers should be masters of particular knowledge
domains and that their job is to transmit their expertise about these domains to students
by lectures and recitations. Students should memorize the facts and ncepts of the
domain, and practice the skills of the domain until they have mastered them, and they
should be able to demonstrate their mastery on appropriate tests. The opposing

Allan Collins
Trends
the issue of restructuring schools.
29 Allan Collins: 1he Role of Computer Technology:




Q

ERIC

Aruitoxt provided by Eic:

constructivist vicw. which is charcteristic of Dewey, Vygotsky and Montessori, hokds
that teachers should De facilitators, who help students construct their own understined-
ings and capabiiities in carrving out challenging tisks, This view puts the emphasis on
the activity of the student rather than on that of the teacher. Despite its predominance
in the leading education schools (Cohen, TO8E, the constructivist view has made hule
headway in penctrting public education in Americi, or more generlly in the world
Large. But the trends | deseribe below may change that,

‘There are three ditferent uses of technology in classrooms: (h as tools tor carrying
out tasks. such as word processing, nathematical computations, progranming lan-
auages, and clectronic networking, €2) as integrated leaming svstems, such as WICAT
has developed, which include iset of carricaluny exercises that students work on
indlividuallv and which keep records of student progress for guiding the student and
reporting to the wacher and 3y as simulations and games, such s “Rocky's Boots™ or
“Where in the World is Carmen San Dicgo.” where students engage in o mpuier baserd
activities designed 1o be motivating and educational. The argument in this paper is that
the ool uses of technology are most likely o he the way computers are widely used in
clisstooms, s that integrated Iearming systems and simulations (thougl important for
cducational purposes) will only penetrate schools to the degree thit toal tses pre wide a
rationle for buving computers. So the trends discussed below assume the tool uses of
computers, though they apply to other uses as well.

It is obvioushy difficult to anticipate all the effects of computer technologies, and it
niy well be that T will overlook some of the most important of these, But researchers
have hegun 1o observe how these new echnologies are impacting the schoals, sowe
can at least make some informed speculations. There are at least cight major trends that
can be identilicd from the literature and rom absenvations in schools where computers
are being used by teachers,

1. A shift from whole class to small group instruction.

Where teachers use computers, nomully one or two students are assigned to each
computer. “Teachers do not tind it feasible to maintain all the students in lockstep, and
so they move to an individualized instruction model of teaching (Schotield & Verban,
[98%). This shows up in Gearhat, Herman, Baker, Novak, and Whittier's £1990) data on
Apple Classroom of Tomorrow (ACOT) classrooms as a dramatic decrease in teacher-led
activities (rom over 0% ol the time when computers are not in use to less than 1000
when computers e in used and a corresponding increase in independent or cooperi-
tive adtivities. “This means teachers begin to talk to individual students, and deveop an
idet of their understanding and their confusions, Usually teachers have an inflated idea
of what their students understand. So watching individual students struggle with
problems nuay give teachers abetter understanding of their students. 1t also means that
students are more likely to go at their own pace and often in their own direction
(Seardamalian, Bereiter, Melean, Swallow, & Woodrall, 1989). which Tor teachers can
craeate problems of control,

2. Ashift from lecture and recitation to coaching,

As part of the shift from whole class to individualized instruction. there is a shilt

from didictic approaches o a constructivist approach. Schofickd and Verbin (1988)

document this shift in terms of kinguage. where there is ashift from second person
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constructions CYou should do this™ to first person constructions CLets try this™,
Gearhart. etal (1990) document this shift in ACOT classrooms from techer-directed
activities Gapproxinitely e of the time off the computer to less tin 100 on the
computery to activities Lacilitited by the teachers (rom about 2000 1o 5070, The intro-
duction of a third party, the computer, into the sitwtion encourages the teacher to play
the role of wcoach in niny of the same wavs that @ piano encourges the teacher to
play the role of i coaclin i piano lesson. Much of the leming is meant to tike phice
between the student and the computer, and this puts the teacher into the role of
observer and guide to make sure those interactions are benelicial to the stident's
Icrning,
3. Ashift from working with better students to working with weaker students.
In whole class instruction, teachers carmy on adindogue with their better students
(Scholield & Verban, 1988). This is Decause it is the better students who rise their
hands to offerideas. Teachers do not ik to call on weaker students, becuse they do
not “want to embirass them in front of the class.” Ina classroom where students sire
working on computers, the teacher is maturally deawn to students who necd help. who
dare genertlly the weaker students, Schofield and Verban ¢198%) documents that in one
clssroom where there were individual computers. two of the weaker students received
four to five times as much atention from the teacher as the more advanced students.
We see this same shift in the chissrooms we ave observed in New York and Cins-
bricge. However, as Schoficld (personal communication) points ont there mav be
tendeney for the teacher to overlook students who need help. but do not ask for it
because ine teacher is usually very busy in these classrooms.,

z

4. A shift toward more engaged students.

In settings where computers have been put at the disposal of students in some
long-term activity or project. rescarchers have reported dramatic increases in students”
engagement (Brown & Campione, in press: Carver. 1990; Scardamalian, ¢t al., 1989:
scholicld & Verban, T988). For example. Carver Tinds that students who were so bored
with their chisses that they would sleep through them, are eagerly engaged in o project
to construct a HyperGard museum exhibit about their city, Similarly, Schoficld and
Verban report that students compare how Far along they are in their gee ety eurricu-
lum and even fight over who gets 1o use the computer during the time between clisses,
Dwyer. Ringstill and Sandhoeltz (19901 cite several examples in ACOT clhissrooms where
teachers were encouraged to do more activities on computers, because students were so
highly engaged during such activities, 1t may be that the reported increases in enguage-
ment e due to the novelty of the computer, but it is unlikely that this accounts for the
cntire increise. To the degree that the computer supports long-term effort ather than
short exercises Gushift that Gearhart et al. (1990 find in o mputer-based Language ans,
but not in mathematics), there is suggestive evidence trom these studies that students
become invested in the activities they carry out on computers,

5.  Ashift from assessment based on test performance to assessment based on
products, progress and effort, :

Assessment in most chisses is ased on studenis” performance on tests given after
dilferent sections of the curriculum are completed. e introduction of e mputer
technology and the shift to © dividualized instruction Giee above) moves assessment

away from the clissroom test, which seems inappropriate to wachers under the circum-
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stances. Schoficld and Verban (1988) report that the geometry teacher they studied
moved toward assessing students based on the effort and progress they made: in that
case the system would not let them go on until they had solved cach problem. Where
the teacher sets up i project based carriculum, then evaluation of students tends to e
hased on the products that emerge from the students efforts. But for the present this
creates problems for many teachers, because they do not know how to objectively
assess such products. This problem has been solved for writing assessment in terms of
holistic and primary trait scoring methods, and dearly some such scheme is needed for
project hased work (Frederiksen & Collins, 1989: Wiggins, 1989; Wolfe, 1987).

6. A shift from a competitive to a cooperative social structure.

In the nomial cassroom. students are working individually and competing against
cach other for grades, except where students dvop out of the competition beciuse of
social pressures or repeated failure. Brown and Campione Gin press). Newnan (1990)
and Scirdamalia, et al. (1989) find a shift toward a more cooperative social structure in
their classrooms. where a network provides a common database for students.
scardamalia. et al. report how students comment on cach other's notes, telling what
they find interesting and what they cannot understand. Dwyer, et al, (1990) repont
striking increases in cooperative behavior in ACOT classrooms as repe red from the
teachers” journals they collected. Gearhart, et al. (1990) found an increase in coopera-
tive hehavior in mathematics classrooms (from 1% of the time without computers to
about 0% with computers), but essentially no cooperative behavior in Einguage ans
classrooms in cither case. Even Harel (1990), who had fourth graders working indepen-
dently to produce i Logo program to teach fractions to third graders, found students
sharing ideas and expertise on how to accomplish certain things in Logo. However.
schoficld and Verban (1988) found an increase in competition in the geometry class-
room they stuclied, and it may well be that integrated learning systems generally
encourage studen: to compete to get through the material faster. One study in Isracl
(Hativat, 1989) suggests that this ¢epends onhow casy the program makes it for stu-
dents 10 compare their progress.

7. A shift from students all learning the same things to learning
different things.

An underlying assumption of the educational system is that every student must
learn certain basic knowledge and skills. This assumption leads to I':liling students who
haven't mastered parts of the curriculum, and directing student’s efforts to their weak-
nesses rather than their strengths (Drucker, 1989). The clectronic network and shared
database foster a different view of knowledge, where expertise is spread among ditter-
ent participants and brought together in a common space (Pesi, in press). The National
Geographic Kids Network (Foster & Julyan, 1988) is an embodiment of this idea of
distributed knowledge, where students all over the country collect scientific data and
exchange ideas with cach other and working scientists. Because of the trend toward
individualized education. there is tikely to be a secondary trend toward breaking the
lockstep of everyone leirning the same thing in the same way at the same time. This
trend can be seen in the dassrooms described by Dwyer, etal. (1990), where students
worked on different parts of complex projects. such as a maodel of their city: in the
classroom described by Carver (1990), where students studied different aspects of their

city to develop a museum exhibit: in the classrooms described by Scardamalia, et al.
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(1989). where students conducted rescarch on difterent social studies and science opics;

and in the school deseribed by Newmian (1990), where students collected different data

on the weather. So the lockstep approach in schools, where evervone had to master all

of the sume knowledge and skills, is likely to change with the advent of computer

technology.

8. A shift from the primacy of verbal thinking to the integration of visual and
verbal thinking.

As Postman (1982) has argued, the invention of the book transformed society from
concrete, situated thinking to abstract, logical thinking,  The visual media (e, televi-
sion. cinent and computers) have began to develop a new kind of visual thinking, and
a number of educators (e.g.. Bransford, Sherwood, Kinzer, & Hasselbring, 1987; Wilson,
1987) have begun to explore how to use viswl media to enhance learning. The
computer and clectronic network potentially provide instant aceess to the world's
accumulated knowledge, in both verbal and visual forms, This development nity
slowly undermine the primacy of the book, the lecture and their accoutrements, such as
the multiple-choice test and the recitation class.

These effects of technology are subversive to some of society's most deeply held
belicls and assumptions about education. 1 particular they make tenuous the view that
the teachers™ job is o impart their expertise to students, and that the role of assessment
is to determine whether the students have acquired the imparted expertise. So, inad-
vertently. technology seems to e coming down on the side of the constructivists, who
have been trying to change the prevailing socictal view of education, unsuccessfully to

date,

Resistances to Technology

Cnhun (1988h) and Cuban (1986) have argued persuasively that computer technol-
ogy is likely to have litle effedt on the schools, They argue that to the degree technol-
agy is flexible, it will be bent to fit existing practice, and to the degree it can not be bent
to fit existing practice. it will not be used. People interested in resiructuring schools
need to anderstand the resistances to change, some of which are particular to technol-
ogy. and some of which are general, in order to identify the key leverage points on
changing i well-entrenched systeia,

Any restructuring of schools can only take place over an extended period of time,
The effects of the printing press were still being felt hundreds of years after its invention
in the development of public education. So | will take  long-term view of how
restructuring schools might tike place and where asustained effort is worthwhile.

Over the long term, important current issues, such s the costs of e mputer
technology, its unreliability and teachers” unfamiliarity with its use, hecome non-issues.
The costs continue to fall. and as computers become more integral to cverything we do,
this trend can only aceelerate. 1tis a fundamental trend in economics that in relative
terms the cost of goods decreases and the cost of Fabor increases (Drucker. 1980), so
that compared to teachers” sakaries, computers will appear incredibly cheap in the nest
century.

~e
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The problem of teachers” Lamiliarity with computers will also decrease as people
come 1o ey on computers Tor writing, caleulating and communicating, This can
alreaedy e seen to be happening: 1Uis casier to type intos word processor than to
write by hand.” 1Uis casier to do vour tases on i computer than to do them (S IRTIN
And it is casicr to send electronic naib than 1o postaletter. These uses will become
commonplice among college students, secretaries and hookkeepers, so there i every
reason 1o beliceve they will hecome commonplace samong teachers, The problems of
dealing with computers, snch as geting them fised, will become minor when they e
used much ol the timee.

1ut of course the resolution of those Kinds ol problems does not mean that
computers will be used in schools, Television is pervasive in society, and will probably
never be widely nsed in schools, So why should computers come to he widely used
when television is notz My argument is that the computer’s most penvasive uses, which
are related 1o work, are becoming necessany to accomplish school goals. Schools are in
the business ol teaching students hows o read and write and cilealate and think. As the
computer comes to bean essential tool Tor doing these things in soviety Lirgee, its use
by students for doing these things is inevitable. We do not teach peoaple how to drive
s by laving them ride bicyeles, nor will we teach people how to work by having
them use paper and pencil, arithmetic procedures and library card ctalogues, when
work has hecome computer based.

There is arelated argument that computers nake the eacher's job more dilticult,
just as do television and lilm strips on the one and, and the new scicence corriculk ol
the 1900's on the other, The Later required teachers o put in estea time gathermg
materials together and saddled them with adifficult management problem ol coordinat-
ing i cliss of students working independently on experinments or discussing the mean-
ing of whitt they had done, s true that computers nake namagement more ditlicul
when there e only . tew computers in the classroom. The teacher has to ligure out
whiat other students will do when they are not working on computers, or has to allow
few studdents o miss it lesson while they work on the compater. But again, these aie
only problems in the transition 1o o sociely where most work involves computers. I
students hine ready iecess to s computer at all times, such as with < portable computer
that can be connected o nem ok in different places, then these managaement prob-
lems goaay. Students will do much ol their work on compaters instested of working
with 1est hooks or worksheets, The management problem, then, is likely to be similar
to that which teachers carrently Lace when children are workimg individually or in small
groups. To the degree the tishs students are doing with computers are more engaging
than those they carenthy carry o with testbooks and workshedts, it will mahe the
teacher’s o casier.

Another argument agtinst the widespread use ol compuiers is that teaciiers are
not willing 1o give up their control and authority over students to the computers, There
Are twoaspects of this argement. One aspectis that teachers want o be nasters ol
cvenything that comes up in their classrooms, and becatse computers contiin more
mlormation than teachers can possibly master, they waill lose authority. “The other aspect
is that teachers hhe to hold the anention ol students, and il students are ol workmg on
their own, then the teacher has Tost their atention, as well as control over what they e

doing, The tiest issue is currently esacerbated by the fact that teachers do not know s
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lor about computers, which s Fargued cardier is o problem in the transition to o more
computer-literate society. But there is aresidual problem of giving students aceess to
more knowledge than a teacher ever can master, together with the second aspect of
students going ol on their own. Both aspeats of the problem of control can only be
overcome by i changed view of the teacher's vole to that of a facilitaitor of students
selt-leaming, rather than as o dispenser ol informition. Such a change in beliel will not
come casily,and will only come about slowly with the introduction ol computers into
school, as T discuss below

Dwver, etal. (1990 veport aca difliculty that many of their teachers tegl when they
allow students to work on computers in ACOT classrooms, They seem to feel guilty
that they are not teaching the students and they tfeel nervous about all the talking and
sharing of information among the students. These feelings alternate with very positive
leclings that the students are highly engaged and actively leming. So ACOT wachers
in the initial phases tend to vacilkite betw cen enthusiasm for having students doa lot of
their work on computers, and pulling back 1o use their old teaching methods in order to
heep the class under control. Dwver, et alargue that i is important for teachers as they
work through the transition to a more constructivist view of teaching o have the
support of other teachers who have worked trough or are working through the same
transition,

Some people argue that teachers are not capable of using computers celledively,
For example.in science labs they usually have students tollow o fixed procedure cunlike
scientilic experiments), so that students know at cach step what is supposed to happen,
The argament is that when teachers use computers they will also tollow: o vigid format,
since this procedural approach stems from s desive to nuke sare all students suceed.
In Lact, the computer-based integrated leaming svstems, such as WICAT's math curricu-
I, partally incorporate such an approach, This argument is surely correct o the
degree that computers can be fir by teachers into their nomal way of doing things. But
the tools and simulations in computers are not content free. They make it possible for
students to ke over part of their own leaming. To the degree computers support
students” autonomons fearning. and it is the goal of most educational softwre designers
1o do so. the particular pedagogical approach of teachers will be fess decisive in
determining how students lear.

\ general view inorganization theorny s that American schools Torm e loosely
coupled system EWeick, 19701 and while they readily adopt changes at the peripheny of
the system e g model schools, computer Libs)u it is vers difficult o nahe penvasive
changes at the core of the ssstenn While this may not he the reason constructivist
twaching methods have Tailed o penctiate the sehools cCohen, 19850, it surely will slow
doswnany change that s ingodueed. But, il computers are widely perceised s neces:
sy lor school work e will not stop their general adoption. In the nest section |
outline . set of principles designed to speed apadoption of e benehicial innosation,

Counterposed o the view that schools are s foosely coupled system, is the view
that American schools have developed asvsiem of institations including the graded
school, madtiple choice westing, conmcutume and naterials, weaeber edacation s lecture
and recitdion methods that e interdocking and sell-sastaining. 1 you pertarhy any one
ol those parts of the svsten, the other parts will pressure the system to returm toits

original state. Aol these institutions devive from and support 1 didactic model of

i
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cducation. Cuban (1986) miakes an argument of this kind in terms of what he calls
“situationally constrained choice,™ which incorporates () school and clissroom struc-
tures, and (2) the culture of teaching, including the beliets of teachers. These work
together in his view to restrict what teachers can do in adopting difterent innovations.

On this argument, if you try to introduce computers for students to do their work,
then it will be sustained only to the degree it fits this prevailing institutional structure.
Since computers undermine the leaure and recitation methods of teaching, and pro-
mote the student as self-learner, they do not fit this institutional structure, and will be
squeezed out by it Integrated learning systems, such as WICAT, have dealt with this
problem by preparing curricular materials that fit casily into the current system. The
materials mimic the kinds of test items in prevailing practice and so they produce gains
on the tests that the current system embodies. They nay have some carly suceess in
penetrating schools because they have tried to fit into the current system. But my
argument is that it is the tool based uses of computers in society that will ultinkely
sustain their penetration of schools, The interlocking system described can certainly
slow down the process, but it cannot prevent it, because the nature of education must
incvitably adapt to the nature of work in society.*

Finally, there is a major resistance to the infusion of technology into the schools
from the underlying belief structure in the society about the nature of education (Cohen,
1988, 19881, This didactic view: of educition holds that teachers must be experts in
their field and that their job is to transmit their knowledge and skills directly to students,
On this view learning involves memorizing essential facts and coneepts, iand performing
procedures until they are automatic. The practices we cited above, such as the lecture
and recitation methods of teiching, and testing for acquisition of facts, concepts and
procedures, are manifestations of this underlying societal beliet about the nature of
education, The constructivist view, that education should attempt to create environ-
ments where students can construct their own understandings and skills, is held only by
a small minority of educators, iand has no chance of affecting practice until the underly-
ing societal belief changes. On this view, technology will only be used to reinforee
existing practices, such as drill and practice and multiple-choice testing,

I believe this argument is essentially correct and important for technologists to
understand. But even if technology is allowed into the schools under the guise of
reinforcing existing practice, once there it will take on a life of its own. It is important
to stress that many of the tool uses of computers (e.g.. word processing, mathematical
computation, graphing of dat) are quite compatible with current practice. Teachers
will not object to students typing their essays, or even in the long run to their using
computers to solve mathematical problems. Once teachers let computers in the door,
then the Kinds of effects described in the first section of the paper will oceur and
teaching practices will change. And just as a change in practices with respect to racial
integration led eventually to a change in racial attitudes,' so a change in practices will
slowly lead to i change in the educational beliets of the society.

However, the arguments 1 have made so far only suggest that a change to a more
constructivist education is likely to occur over the long run. A more salient uestion is
whether there is anything that can be done to speed up the change. The next section
proposes a structural chinge in school systems that would speed adoption of any
chinge that improves educational practice. whether involving computers or not. The
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final section addresses the issues of how technology can most effectively be deployed to

toster educational retorm,

Principles for the Design of a Self-Improving School System

Alll:li( r problem s that the present structure of schooling militates aginst
change. Students are assigned 1o schools and are required to go to them. I they are
il schools they will continue to exist: - there is no way for them to fail. The only thing
{1 school system can do to fix i school is to send manew principal. and usually

she is prevented from making nany changes due to constraints of the situation,

Another problem s that it is ditficult to stant new schools suceessfully, The
problem isn’t that parents or teachers are prevented from stating schools, but that the
incentive is for parents 1o keep their children in free public schools rather than paving
for them in private schools, So the only schools that are started (other than those
funded by founditions) are schools for wealthy parents. This is not where our major
cducational problems lie: they lie particularly among poor and minority populations.

Whitt we need to encourage innovation is a system that fosters creation of new
schools and allows failing schools to die, particularly in our farge urban arcas where the
problems of American schooling are concentrited. Such system would stimulate
existing schools to do everything possible to insure their survivill, We need incentives
and constraints that operate to mike sure that the most difficult students and problems
are dealt with, and that matural selection operates on the basis of the quality of the
schooling and not on some extrancous busis, such s the race of the school principal,
the quality of the athletic program or the endowment of the school with facilities or
technoiogics. A new system especially needs to avoid the current problem of creating
schools that serve as dumping grounds for the educationally disadvantaged.

In order to facilitate innovations in schools. T would like to propose the following
design principles. They are an atempt to syathesize the essential elements of virious
proposils that have been nade for aredesigned school system (Chubb & Mo, 1990;
Reigeluth, 1987: Tucker, 1989).

1. A mechanism whereby a group of parents and teachers in a school district
can start a school.

The ideais that i parents and teachers inaschool district want to stit i school
and they have aminimum of, sy, 25 to 50 students, they should receive funds from the
district at least equal to the current cost per pupil in the district, They also should
receive spice inacurrent building proportionil to the number of students, from one
classroom to an entire building.” Since there will also be costs associted with stirting a
school tmoney for hooks, technology, ete,), these should be provided by aspecial fund
ona per pupil basis. This fund should also provide resonrees for expansion of schools
to take on more pupils. Inaddition. the school district should provide st for encour-
aging successful schools, cither within or outside the district, to set up branches in the
district.
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2. A mechanism whereby schools are closed.

I an existing school loses entollment below a certain minimum (say 20 pupils),
then it should be closed, and its students forced to choose another school within the
system (see below).

3. A national agency should provide information on each school to parents
and children.

To make cffective choices, parents and children need to be provided information
relevant to the educational policy and success of the schools, such as the kind of
information available in national guides to eolleges (Reigeluth, 1987). This kind of
information is best collected by a national agency to avoid dishonesty by local officials.
The kinds of information the agency might provide include information about dropout
ates. test scores of students in the school, college entrance and graduation rates of
graduates from the school, random samples of opinions of former students and their
parents, descriptions of the school's operation and facilities by neuatral observers,
occupation profiles of former students, et Ideally the test scores provided would be
hased on asystemically valid' testing system (see Frederiksen & Collins, 1989). Infor-
mation should be provided to all parents and children who will be making a
school-choice decision in the near future with respect to all the schools they might
consider. Where a school is new, only a statement of intent is possible, unless it is a
branch of an existing school or coalition of schools.

4. Students above some age level should be provided alternatives to
further schooling.

If studdents wish to drop out of school above some age level, for example, 12 years
of age (Sizer, 1981). then they should be allowed certain options. One option might be
to leave school, if they can find full-time employment with a legitimate business enter-
prise.  Another option might be full-time participation in a licensed program, such as a
music camp or boy scouts. Most important, there should be a national alternative
service program, such as VISTA, that will accept any student over the legal age. But
students who take one of these options before age 18 should be encouraged oncee a
year to enroll in a school of their choice to continue their education. As Drucker (1908)
argues, we should be encouraging continuing education, where people reeeive educa-
tion throughout their lives, vather than extended education, where they are kept out of
the workforee through a longer and longer adolescence.

5.  Schools should be allowed to select the students they prefer, but there
should be incentives to choose hard-to-place students.

It the proposed system is successful, different schools will specialize in the kind of
education they offer. This means that their educational policies will probably be more
successtul for certain kinds of students than for others. 1 the system restricts schools”
ability to select their students, it will restrict their ability to speciatize. This would
undercut a major goal of the plan,  That vaises the problem that schools may all want to
aceept certain kinds of students and reject others. To offset this tendency. greater
financial resources should follow the hard-to-place students. In fact, the resources need
to be enough greater to offset the systematic preferences of schools, which suggests
some kind of market mechanisim. Both Reigeluth (1987) and Tucker (1989) have
suggested such a mechanism.
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These principles are designed to produce a system where there will be Both
individual schools ard coalitions of schools with specialized goils. There might be
technology based schools, art schools, Montessori schools, essential schools (Sizer,
198-4), college preparatory schools, special schools for handicapped children, vocational
schools, schools for girls, schools of design and engineering, schools for gilted in
particular ficlds, hack-to-basics schools, schools for particular minoritics, bilingual
schools and even comprehensive schools that avoid specialization,

This goes against a philosophy of having every kind of student in every school in
order to foster overall integration of society. T would argue that specialized schools
should be restricted from discrimination in the same ways that colleges and businesses
are restricted.” But to the degree schools want to cater to students with particular
interests or abilities. they may develop techniques that are particularly effective. The
ceonomic argument for the benetits of specialization applics equally well to schools as
to business and fabor. The moral argument against specialization loses foree, given the
incvitable disparity between urban and suburban school systems and the widespread
tracking in the comprehensive schools.

One might argue that most parents and students will pick schools on the basis of
proximity. or athletic ability, or better facilities, even if you provide them with informa-
tion to make choices on the basis of educational quality. 1t is certainly true that most
people will make their choices partly on such bases. But most people nuike choices by
considering multiple factors, so that educational values are likely to be a factor to some
degree in their decisions. The effect of proximity can be diminished by having multiple
schools in cach building, so that choices are made among cquidistant schools, The
dlfect of athletics could be diminished if we eliminated interschool athletic competition
Gas opposed to intraschool competition) in favor of Little Leagues or professional sports
programs. The cffects of facilities will be diminished if we equalize the distribution of
resourees on i per pupil basis s proposed in the first principle. To the degree school
cflectiveness is weighed at all in people’s choices, it will bring a gradual improvement
in the guality of schools. The more it is weighed, the faster the improvement,

Such a plan does not assume that parents know what is best for their children,
There will undoubtedly be schools that empliasize drill and practice rather than thinking
and that teach creation science rather than evolution, and these will appeal to many
parents. But such problems are pervasive in the current system; over 80% of clementary
school teachers think the phases of the moon are caused by shadows from the carth,
and that the seasons are caused by changes in distance of the carth from the sun, The
proposal does not solve these problems, but it would neike it casier for people like
Marva Collins (the Black woman in Chicago who started an academically-oriented
clementary school) to start schools. 1 would argue that most parents would want their
children to go to such schools if they were available,

Another sgument against the plan is that rich parents will subsidize the schools
they send their children to by various means and this will undermine the mechanisms
for establishing educational equity and for placing less desizable students. 1 parents
want to subsidize the schools, that is in fact all to the good: Tt will give schools more
resourees to improve education. Whatever parents contribute is not likely to unbalanee
the funding of education more than the current system of suburbs with high per pupil
expenditures and cities with low per pupil expenditures. However, if cquality in
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cducational opportunity is in socicety’s interests, as 1 helieve it s, then there s a rtionile
for oflsetting parent subsidies with higher per pupil expenditures Tor schools that do naot
reccive suel subsidies. In principle, amarket mechanism Tor placing less desirable
qudents would sutomatically act 1o olfset such subsidies, since the prospect ol subsidies
would enhance the value of students Trom wealthy Eumilies. So s narket mechanisim
might be the least controversial way to ollset parent subsilics.

One of the srgaments that might be made against such i prop il is that it will
produce asystem like the college systeny in America, and colleges are not noted Tor
their willingness to innovite. o lact, the most traddition-bound colleges, such s
Fvard, are the most prestigious and therelore their practices serve as n wlels Tor other
colleges. This pattern inhibits the introduction ol new pracdices, and serves to nitintain
the didactic approach to edncation thiat pervades the traditional e lleges.

In organizition-theory terms (Scott, 1987, the problem of cducational improve-
ment derives in part because it is dillicult Tor consumers to el beter product Trom an
inlerior product, unlike with restaurants and medical treatments. So in choosing
colleges people rely niinly on prestige, and since prestigious volleges obtain the best
students and most Eimous prolessors, they apper to be better on paper than their
cducationai practices warrant. This elfect tenas 1o undermine the drive Tor
sell-improvement ol any such plan in education.

However, | think it can be argued that in Tact colleges have been much more
innovative than the public schools in Americi and Torm the strongest part ol our
cducitionl system. Certainly Trom the point ol view ol inlusion ol lu'llm()l()g)' and
Mexibility with carriculum, colleges have been much more innovative, - For example,
there is more pressure on students in colleges to do their work on coniputers, andl it
seems likely that within ten years every college student in America will luive their own
pesonal computer. And when new disciplines emerge, such s psyehology or com-
patter scicnee, they are much more readily adapted into the e dlege curriculum than the
public school curriculum. The continual bith and death ol colleges encourages all
colleges to seek their own nrket niches and to create programs that parents and
children will Tind viduable. 1t is particularly among the less prestigious colleges, which
serve the non-clites, that experimentation and improvement through natural selection
oceurs. In public schooling it is with the non-clites that our najor problems lie, so th
innovition is likely to oceur where it is most needed under the proposed plan.

112 diversity of schools arises, and people are given the infomuttion necessary 1o
make informed decisions, then the thesis ol this paper is that the system will evolve
toward better schools. The more ellective schools will thrive and multiply, the less
ellective schools will die out. Existing schools and their personnel will do everything
they can to enlumee their chanees lor survival. There might evolve preponderiance ol
certain types of schools (e, essential schools), but that woulkl only happen il they
ullilled the educational goals of a majority ol parents and children. Tlowever. it is
important to recognize that such o plan will not solve nany ol our schools” problems: it

will onty make it casier Tor change 1o oceur in a very resisiant system.

-f0)
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The Uses of Technology to Foster Educational Reform

r[lvlc arguments in this paper have several implications as to what course of action®
school reformers and technologists should take to foster change in schools to make
them compatible with the way society is changing. In the nest century, an educated
person will need to be able to learn and think in a computational envitonment. Most
schools do not ieach students these abilities now, and so i major change ought to e
made in the way schools fundion,

One implication is that the first step is to put computers with powerful tool
appliciations into the schools inas large numbers as possible. Many people might object
to this step. particularly in light of the Apple Classroom of Tomorrow (ACOT) efforts,
which have had at best marginal success to date (Baker, Herman, & Geachart, T989),
They would argue that it is better 1o spend resources developing good educational
soltware, teacher training or computer coordinators, in order to make sure the technol-
ogy that goes into the schools is used effectively. The trouble with that argument is that
it presupposes that good educational sofiware or teacher triining or computer coordina-
tors will fead to more effective use. Ina few cases that is true, but on g wide scale it is
likely to Fail. T would argue that i you have computers that sare casy to anderstand and
that are powerful for doing school work, then people will eventually figure out how to
use them. Using computers effectively in schools is difficult because of all the resis-
tiances described above, and so most things you spend resourees on to improve usiage
will not work. We should not expect efforts such as ACOT to suceeed immediaiely.

But society at large is making the transition to computers, and the massive educational
cliort to make the transition is reaching both students and teachers: Simon (1987) relers
to this as “education by immersion.” So my argument is to put powerful, casy-to-use
computers into pliee, so that society’s retooling ol itsell will have something 1o work
with in the schools,

Let me also add that the most powertul educational uses of computers in the
future may not be their tool uses. Rather, the uses of computers for simulation, reflec-
tion and video may be even more powerful educationally. But it is the tool uses that
are hecoming necessiry 1o do work, and their usetulness to students and weachers will
become readily apparent to everyone. The other uses of computers will come into phy
once computers have found their way into extensive use by schools;

* Computers as simulated envitonments: Computers allow students to carry out
tasks they cannot normally carry out in school, from running a business or ity
to troubleshoating a faulty circuit. The possibility of doing tasks that are difficult
or impossible to do in school is one of the major values of computers for
cducational purposes (Collins, 1990; Papert, 1980),

e Computers s reflective environments: Another powerlul use of computers s
tor students to compare their own performance to other people’s perforninces
on the same task (Branstord, Franks, Vve & Sherwvood, 1989, For example, in
eacher education there might be o video segment of expent and novice teachers
teaching some subject nuatter o students. with eritigques on cach lesson by
experts from different viewpoints and explanitions by the eachers of what they

were trying to accomplish. Then astudent teacher could compare avideo of
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their own teaching to those videos of other teachers (Colling & Brown, 1988;
Lampert & Ball, 1990).

e Computers as video environments: There are vast video libraries of information
that have accumulated over the fast 100 years, and the output will multiply with
the commerdialization of the video camera. Video is a concrete medium, and
people remember visual information more easily that verbal information (Bower,
1972). Having access to visual materials and explanations may well extend
people's ability to learn, particularly those who have difficulty learning from
hooks and lectures (Bransford, et al., 1987; Wilson, 1987).

In summary, because the nature of work is changing to incorporate computers in
many aspects. the mature of school work will make a paratlel change. This means that
computers will come to be seen as necessary tools for students and weachers in their
school work. But there are other powerful potential uses of computers for educational
purposes. These uses will develop more stowly, butare likely to oceur as computers
become commonplace in schools and homes. Al these uses of computers tend to e
subversive to the prevailing didactic view of education in society. Using computers
entails active learning, and this change in practice will eventually foster a change in

society's belicfs to a more construdtivist view of education.

42

Allan Collins: The Role of Computer Technology

44



References

Anderson, LA, Boyle, CF., & Reiser, Bl (1983), Intelligent tutoring systemis, Science
228, 450-408.

Baker, E.L., Herman, L, & Gearhart, Mo (1989), The ACOT report card: Effects on
coniplex performances and attitude. Paper presented at the annual meeting of the
American Educational Rescarch Association, Sin Frandisco,

Becker, HJ. (1986, June). Instructional uses of school compuaters: Reports form the 1985
national survey. Newsletter of the Center for Social Organization of Schools. Baltimore,
MD: Johns Hopkins University.

Boorstin, D). (1983). The Discoverers. New York: Rindom House.

Bower, G (1972). Mental imagery and associative learning. In LW, Gregg (Ed),
Cognition in learning and memory. New York: Wiley.

Branstord, ].D.. Sherwood, R.D., Kinzer, C.K., & Hasselbring, TS, (1987),
Macro-contexts for learning: itial findings and issues. Applicd Cognitive
Psychology, 1, 93-108. .

Branstord, ].D., Franks, ].J.. Vye, N, & Sherwood, RD. (1989). New dapproaches to
instruction: . *xeanse wisdom can't be told. In 8. Vosniadou & A. Ortony (Eds.), Similarity
and analogical reasoning, New York: Cambridge University Press,

Brown, A, & Gampione, J. (in press). Fostering a community of learmers. Hunan
Development.

Brown, .5, Collins, A.. & Duguid, P. (1989). Situated cognition and the culture of
learning. Educational Rescarcher, 18(1), 32-42.

Garver, S M. C1990). Integrating interactive technologies into classrooms: 1he Discorer
Rochester project. Paper presented ait the annual meeting of the American Educational
Research Association, Boston.,

Chubb, LE., & Moce, T.M. (1990). Politics, mearkets, and America’s schools, Washington,
D Brookings Institution.

Cohen, DK C988a). Teaching practice: Plus ¢a change.... In P. Jackson (Ed.), Contrily-
uting to educationad change: Perspectives on rescarch and pradtice. Berkeley. CA:
McCutchan.,

Cohen, DK (1988b). Educational technology and school organization. In RS,
Nickerson & P Zadhiates (Eds.), Technology and education: Looking toward 20,20,
Hillsdale, NJ: Erdbaum,

43

Allan Collins: The Role of Computer Technology



O

ERIC

Aruitoxt provided by Eic:

Collins, A. (1990). Cognitive apprenticeship ane instrictional technology. T B lones
& L 1dol (Eds.). Dimensions of thinking and cognitive instruction. Hillsclale. NJ:
Lrlbaum.

Collins, A.. & Brown. 1S, (1988). 1De comyuiter as o ool for learing through reflection.
In 11 Mandl & A. Lesgold (lds), Learning issues Tor intelligent tutoring systems. New
York: Springer.

Cuban, L. (1986).  Teachers and machines. New York: Teachers College Press,
Drucker, PE (1908),  1he age of discontinity. New York: Tarper & Row.

Drucker, P (19800 1he frontiens of mandgement. New York: EP Dutton.
Drucker. PE (1989). 1he new realitios. New York: Harper & Row:,

Dwyer, D.C.. Ringstall, C.. & Sandholtz, . (19900, The cvolwtion of teachers™ instrie-
tional heliefs and practices in bigh-access-to-technology classrooms. Paper presented at

the annual meeting of the American Educational Rescarch Association, Boston.

Lisenstein, EL. (1979 The printing press ds ai agent of change. New York: Cam-

bridge University Press.

Foster, |. & lulyan, C.(1988). The National Geographic Kidls Netiwork, Scienee and
Children, 25(8). Washington, DC: NSTA,

Frederiksen. LR.. & Collins, A, (1989, A systems approach to cducational testing.
Edducational Rescarcher. 18(9), 27-32.

Gearhart, M., Heman, 1L, Baker, EL. Novak, LR, & Whittaker, AK €1990). A new
irsor for the classroom: Using technology to assess the effects of technology oninstrie-
tion. Paper presented at Apple Classroom ol Tomorrow Symposium, Cupertino, CA.,

Harel. 1 (19901, Children as softiwcare designers: A constructionist approach for learning
mathematics. The Journal ol Mathematical Behavior, 9ch, 3-93.

Hativa, N. (1989). Competition induced by traditional CAL- Motivational. sociological,
aral instructional-clesien issues. Paper presented at the annual meeting ol the Amercian

Educational Research Assodiation, San Francisco.
Lampert. M., & Ball. D, (19900, Using hypermedia technology o support a new pedagogy
of teacher education. National Center Tor Rescarch on Teacher Education Issues paper.

ast Lansing, MI: Michigan State University.

Newnun, D, C(1990). Opportinitios for research on the onganizational impact of school
computers, Educational Rescarcher, 1903), 8-13.

Papent, . (1980), Mindstorms. New York: Basic Books.

Ht

Al Collins: “The Role of Comprter Techiaology

46




Pea. RD. tin press), Distributed intelligence and education. In D). Perkins, M. West, |,
Schwartz, & M. Wiske (Eds), Teaching lor understanding in an age ol technology.
Postman. N, (1982), 1he disappearance of childhood. New York: Delacorte.

Reigeluth, CNL C1OBTY. The search finr meaningful veform: A third-ware edicational
system. Journal ol Instructional Development, 1061, 3- 14,

Scardamulia, M. & Bereiter, C, Gn press). Higher levels of agency for childven in the
zone of roximal development: A challenge for the design of nen knowledge media,

Journal of the Leaming Sciences.,

scardamualia, M., Bereiter, C, MeLean, RS, Swallow, ], & Woodrufl, E. (1989).
Compter-supported intentional learming envivonments. Journal of Educational Comput-
ing Rescarch, St1), S1-08.

Schofield, LWL & Verban, D, (1988). Compuiter usage in teaching mathematics: Issues
which need answers. In D. Grouws & T. Cooney (Eds.), The teaching of mathematics: A

rescarch agenda (Volo 1y Hillsdale, NJ: Erlbaum.

Scott, W.RAT987). - Oneanizations: Rational. natiral and open systems. C2nd e, ),
Englewood Cliffs, NJ: Prentice Tall,

Simon, TLA, C1987. Spring). The stean engine and the compuater: Wheat mekes technol-
ogy revolitionary. Educom Bulleting pp. 2-5.

Sizer, TR Q1984 Horace’s compromise, Boston: Houghton-Mifflin,
Totller. A, (19700, Fute shock, New York: Random House,

Tucker, MLS.C1989, June 2. Creating an entreprenerial’ school syistem. Education
Week. p. 30.

Wattenberg, B). €1970. 1he Real America. Garden City, NY: Doubleday,

Weick, K.E (1970). Educational organizations as loosely coupled as systems. Adminis-
trative Sciencee Quarterly. 21,1419,

Wiggins, G, (1989, May). A true test: Toward more authentic and equitable assessment.
Phi Delta Kappan, pp. 703-713.

Wilson, K.S. (May. 1987). The Palenqgue Optical Disc Prototype: Design of Multimedia
Expreviences for ducation and Entertainment in a Nontraditional Learming Content.
Bank Street College. Technical Report 244,

Wolle, D.PC1987. December). Opening up assessment. Educational Leadership, 24-29,

43 Aletn Collins: The Role of Computer Technology

ERIC 17

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Acknowledgements

I found conversations on these topics with David Cohen, Michael Garet, Charles
Reigeluth, Janet Schofield, and Mare Tucker particularly helpful in writing this paper. |
thank David Cohen, Ann Holum Failletaz, Jan Hawkins, Janet Schofield. and Kaven
Sheingold for their comments on a previous draft of this paper.

Endnotes

"In this category 1 include intelligent tutoring systems such as the Geometry Tutor
developed by Anderson, Boyle, and Reiser (1985), whose use by students was stuclied
by Schoficld and Verban (in press).

* Indeedd, it is hard to believe that we will continue to put children through the agony of
learning handwriting, other than printing, when word processing is SO much casier.
“This is not to imply that work is the only, or even the major. purpose of education:
other purposes. such as citizenship or culture, are also important. But the undeniable
importance of education for work means that there should not be a complete misnitch
between them,

'For example, in 1959 southern Whites objected to sending their children “to a school
where ot few children are colored” by an overwhelming 72% to 25% margin, but by 1969
that ratio had reversed itself to 21% to 78% (Wattenberg, 1974). This reversal followed
the Brown vs. Board of Education decision by the United States Supreme Court in 195+
All guestions about racial attitudes among White Americans show similar shifts in the
period following the legal changes that oceurred in the decade from 1954-1905.

$In the Netherlands a new law permits 50 families to start a school. Experiments where
multiple schools inhabit the same building are quite suceessful in New York City and
Cambridge, Massachusetts.

“In fact any such system would spawn a variety of regulations. such as those colleges
are required to meet to be licensed by the state.
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Imaging Technology’s Role in Restructuring
for Learning

Christopher J. Dede

migine that you had the power to completely redesign every learning covironment.
every instructional sitiation, every educational organization. “This would he a very
esciting prospect, because our present schooling system is weighted down by the dead
hand ol past political compromises, mistaken theories, obsolete approgaches and dys-
functional rituals. Given todays information technologics, contemporary knowledge in
cognitive scienee and modern theories of organizational design, what would vou create?

The first portion of this paper depicts my current visions on low teehnology
could empower an evolutionary educitional infrastructure for learing,  Imaging
striategic goals is central to reconceprualizing the purpose, content and process ol
schooling: i restructuring is merely a reaction against educational ideas that don't work,
then the movement is doomed 1o failure, The core ol developing i new paracigm for
instruction must he based on insights dissvn from the leading edge of practice in
cognitive science, management theory and pedagogy.

My visions are shaped by my beliel that the use of advanced information
technology is essential to the success of school restructuring. Individualized learning
and decentralized institutional structures require improvisational scheduling, Nesible
roles, accountability and incentives ased on performance and the distributed coordini-
tion ol inicracting organizational processes. All tvpes of organizations are linding that
sophisticated computational and communications capabilities are necessary for orches-
trating such complex operational practices, In addition, interacting with informsition
eehnologics in school helps to prepare students Tor using the intelligent tools sind
interactive media that will pervade future workplaces and communities,

Oncee visions of desirable educational Tutures have been delineated, how can we
get there trom here? The challenge is to deine aseries ol stepping stones that allow
cduciors, learners and other stakeholders in an intelligent socicty 1o progress toward @
technology-intensive: paradigm for schooling. The second part of this paper oatlines my

sense of the actions necded now to sttt such an evolutionary clangee,

i
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Overall, the flow of ideas through these sections models o process for

reconceptualizing education:
e dcfining basic assumptions about learmning, instructional technology and
organizitional development
o inuiging visions of ideal teaching leaming environments based on design principles
from these as amptions
o delincating :ictions in the present to initiate an evolutionary process that
shapes these desired futures
The goal of this paper is to stimulte others to engage ina similar creative process
for designing i technology-intensive culture that empowers learning. Through experi-
menting with a vaviety of different models, we can clarify our shared assumptions and
goals and cn build acritical mass for Lirge-scale restructuring of schools.

My ideas come from involvement with artificial intelligence Gipplying advanced
technologies to increasing human potentiab) and futures rescarch thelping individuals
and institutions cope with complesity and uncertainty). Like Ishmacl in Moby Dick, 1
have wandered far, through many rescarch kibs and educational organizations, trying to
synthesize what Fve seen. What follows is meant more as a sketch than a blueprint
from this and others visions, we could construct new types of organizations that
nutrkedly improve current educational effectiveness through technology.

Redesigning Schooling

Any inutge of the future is hitsed on e complex web of postulates sibout the present,
An inspitational scenario is often valuable less as i recipe for transtformation than as a
creative viokition of our <lefault assumptions about how things must be. The first step
in evolutionitry change involves building shared foundational beliefs from which we can
construct desirable futures.

Delincating assumptions is important for any advocate of i new educational
paraddigm.  Comprtring the merits of alternate approaches to transforming schooling, or
svnthesizing their strong points, is very difficult unless cach camp has clearly articulated
design principles that underlie its visions. If the restructuring moyement is to avoid
degenerating into ideological factions that talk past rather than to each other, contrasting
cich side's heliefs about fearning, technology and organization is crucial,

On what design principles do T helieve restructuring should be based? In the
past decade, rescirchers have developed new maodels for individualizing learning,
prototypes for applying artificial intelligence technigues to instruction and innovative
strategies for creating effective educational settings. Appendix A (Beliets about Learn-
ing, Information Technology and Organizational Design) lists three sets of assumptions
on which my vision and plin for action are predicated. Together, they form a partial set
of principles to guide educational redesign and serve as the basis for the following
inktges of optinul teaching/learning environments.

S0
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visions of Redesigned Schooling

Below are vignettes illustrating how a technology-intensive paradigm  could aid in
restructuring educational environments to enhance leaming. These scemarios are set in
the carly twenty-lirst century, when the advanced technologics desceribed in Appendis B
CI'he Evolution ol tnstractional Technology) are widely available. Brief commentaries
belore and alter cach image highlight themes inthat vignette about shifts in the mission
ol schooling and its curriculum, organization, pedagogy, clientele, location, interconnec-
tions to other educational agents and evaluation methods.

The purpose of these scenarios is to illustrate, from a technology-hascd perspecc-
tive, what functionalities we could attain in a couple of decades and how these capabili-
ties could empower a new infrastructure for education, These visions neither show a
perfect approach to schooling nor present i complete picture o a future educational
systeny; rather, they indicate some of my current thinking on where redesign lor educa-
tional evolution could 1ead us. Collective sharing of our images can lead to the synthe-
sis ol an overarching, dynamic vision that could serve as a goal for present restructuring
efforts,

The Hangover
As illustrated by the assumptions about leaming delincated in Appendis A, many
ideas for improving education center one
e cnhancing individualization,
o students” active construction of knowledge,
e collaborative learning.
e ddlivery of instruction outside of school settings.
o sitnted learning,
e sophisticated evaluation strategics.
o puedagogical partnerships between teachers and intelligent tools.
e the use ol visual representations for knowledge.
o distance learning,
The tollowing scenario is crafted to suggest the capabilities ol advanced technol-
ogy for emabling these strategies for enhancing teaching learning. This Tuture vision
depicts alew minutes of two students interacting through interconnected workstations,

Kaven sat down and punched her personalized megacard into her eductional workstition.
currently contigured as an electronies diagnosis repair trining deviee, When sign-in was
complete, the worksttion acknowledged her resdiness o begin Lesson Twelve: Teamed
Correction ol Mallunctioning Communicittions Sensor. She used the telecommunications
conlerencing mode o link to Phil, her pantner in the exercise, who was sitting at o similar
device in his home thirty miles away.,

“Why did T have the bad uek 1o get patired with this clown?” she thought, noting i hung-
over expression on his Giee. “He probably spent kst night partyving instead of pregaring
for the lesson.™ A Lvorite saving ol the problem solving expert to whom she was appren-
ticed Ninted thwough her mind, “The etlectiveness of computer-supported coopertive work
atn be severely limited by the wanr's weakest meniher.”
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“Let's begin,” Karen said decisivelv. =PI put on the Datadrm o tind and remove the faoly
component. You use the HREB thypermedia knowledge biased to focae the appropriate
repatir procedure.” Without giving him time 1o veply. she brought upr an AR Gaificial
realingy window depicting the interior of aTransStr commumications groundstation
receiver and began strapping on the DataArm. ‘The monitor's meshing of computer
graphics and video images presented anear-perfect simukation, although oo rapid
movements on the screen could cause objects to blur slightly. Slowly, she sgrasped”a
micros rench with her hand” on the sereen and began o loosen the first fastener on the
amplifier's cover. Tactile teedback from the DattAm o her hand completed the ilfusion,
and shie wineed as she realized the bole was rusty and would require cre 1o remose
without hreihimg.

Maanwhile, Phil called up the HRB for Elearonios Repairs on the sereen, o multicolored.
three-dimensional web ol interconnections appesed and began stowly rotating. e
proaned: ust fooking at the network nude his eves hurt, Since ihe sereen resolution was
excellent, he suspected tat st night's fourth margarite was the culprit,

Phil siied sow v and distinaly, “Lesson Twelve.” and aail was highlighted in the network.
He began eleporting onong the nodes, simultancously wiuching o soall window in the
apper let-hand corner of the sereen wineh was beginning, 1o Gl with dat trom the
dingnostic sensors on Karen's DateArm. Delay time tor the sworkstiion’s response wiis
negligible. even though megabyites of knowdedge were being saimned, thanks to the

optical dise secondury storage connected to his instructionad device.

Trwversing the network it ie speed with which karen wirs working was ditficult. given
his hangover, and Phil made several missieps. “knowledge Base.” Phil said slowdy, “inley
what the optical memony chip does to the three-dimensional quantum wddl superlattice.”
The voice of his clearonic coach suddenty responded,"You seem 1o be assuming o sensor
sy when the amplitier nry be the problem.” =Shur up!™ Phil thought savagely. Tatting the
cut-off switch, e groaned swhen he visualized the cognitive audit il o his actions
feeding into the workstations of lis teacher and the corporation’s communications repatir
expert: he coudd not werminate those ineriminating records.

Mentadiy. he began phirasing an excuse o send iis instructors viaee-niil at the end of the
lesson. He knew that they would be very angey, for their sakaries were determined inpart
by his perfornunce. Meanwhile, Karen was exasperatedly watching the window on her
sereen inwhich Phil's diagnostic responses shoutd have been appearing, “1He's hopeless,”
she thought. Her consciousness sensor interrapted with g wirmiag: “Your blood pressure
is rising rapidiv: this could wigger a migraine headiche.” =Why,™ Karen said sadly,
“could’t | have hived in the age when students Jeamed from textbooks,

The scenario focuses onone aaspect of schooling's mission: prepacation lor the
[utire workplace.  In this particukar instance, the students e learning atypical diagno-
sissand-repair strntegy for an early twenty-lirst century communicitions system, The
technical curriculum in schools is implicitly depicted as centered on real-ssworld problem
solving through interdisciplinary approaches. These students are close to completing
the curriculum —— at least, Karen is — and e practicing skills for which they have
alrcady received extensive preparation,

By implication, the workplace for which schools are preparing students has

changed dramatically.  Instead of datalyises, users aceess nonlinear knowledge bases —

-
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like the HRB — that contain some embedded intelligence. Tasks e tvpically assigned
to groups rather than to individuals; in e global workplice. the members of o teim iy
be separated by distance. s Karen and Phil agre practicing. [n this future, people
accomplish some tasks using teleoperated robots and virtual environments, such as this
antificial reality with gesture technology and tactile sensing devices.

This cooperative microworld with an embedded coach is capable ol individual-
izing to multiple lcarning styles. involving students inactive construction of’ knowledge
and situating learning in contexts similar to those in which the skills will eventually be
used. The reward system for cach student and instructor in this situation is based on
sophisticated measures of petfomunce niide possible by the wechnical advances
described in Appendix B. For example. the device keeps a cognitive audit trail -—— an
automitic record ol user actions — that can be replayed to facilitate learning from
CITOrs,

The learners” ages e indeterminate. bevond the et that they have Tormal
reasoning capabilities: perhaps one is anadult retraining for a new career. The multiple
instructors these students have — ateacher. a corporate practitioner and an intelligent
couching device — illustrate the diversity of resourcees available to facilitate leaming, the
team approach used in pedagogical situations and the involvement ol stakeholders

exteral to schooling.

The Network

This scenario depicts a teacher’s interaction with a4 knowledge base that aids in
fullilling her responsibilities beyond chissroom instrudtion. Based on the design prin-
ciples in Appendix AL the vignette images several aspects ol how restructuring could
alter the teacher's role, the curriculum and school organization:
e people work in cognitive partnerships with intelligent tools
o power i responsibility for decisions are decentralized
¢ teachers” working conditions and respect from the community are improved by

their use ol advanced information technologies

* the curriculum is twaght inaninterdisciplinay manner by teams ol instructors
o the site and schedule of instruction are lexible

since teaching is as sophisticated and denanding a profession as medicine or L,
this inutge also illustrates how the Tuture school workplace could incorporate multiple

amenitios and craitive challenges o attract skilled human resources.

As pant ol o eegional plan 1o build i middle school, the Depirtiment Head Tor Civilization
has Dheen asked o selecta system for communications networks in the new building. She
is Giking the lead in making this decision because. of sl the curriculir swees, the Civiliz-
tion group uses the most graphics, simultion, and coopertive leaming — thus posing the
gretest need for networking capabilities, Anintelligent knowledge base is being used s
asouree o infornition and expertise in resolving this issue,

This job pertornumee aid serves as e clearinghouse on educational wechnologies, present-
ing 1o users projected sind historical date on weehnological capabilities, business trends and
societl developments that could atfect the evolution of instructionil devices, The
iformation supplicd is continuousiv updited and eviduated by acsophisticated environ-
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mental scanning process.  Inaddition, users ol this inlormation utility” can interact with
cacl other and with expens, creating a global dectronic torum for the exchange ol ideas.

This intelligent knowledge base communicates with its users via the monitor (color
images, computer graphics, wext) and specch synthesis: hird copies ol output are pro-
duced as necded. Users can query the knowledge Dase thiough the touch-sereen, mouse
and keyboard, using a restricted form of matursl inguage. (For the sake of drity in this
seenario, all user and system actions are presented in non-restricted nataral language.)
When interacting with other people through a network, both computers conlerencing and
direet voice communication are possible,

A susston is midway in progress; the monitor shows hlueprints ol the interior ol the
school, with a graphic overlay indiciting equipment that could be installed and giving
deseriptions of cach component. The Department Head is sitting in her office, with
anather hour to work on this task belor: her students teighty children, ages twelve to
tourteen) and the other teachers and aides on her instructional team return from thedr trip
1o the local Larrio.

DI Can this type ol petwork carry enough datia Tor the needs 1 ust outlined?

KB:  tinvokes a kioteledge based system that specializes in this areda)
The bandwidth will allow bursts ol data sulficient for nomial classroom use, but
intensive monitoring ol individual students will result in slow perfornnnge.

DI Tow likely is it that, in live years, we could upgrade the power ol this network?

KB realls upy iiternal record)
Last year's Delphi pancl indicated a o0fo probability ol sigmiticantly enhanced power
tor this type ol netwark over the next live years.

DIH: How expensive would the upgrades e that might create such an advance?

KB:  (ddispleqys cost estimates in a spreadsheet format linked to the projected operating
budget over the next five years)

DI How similar would this system be to the types ol networking workers may use iwo
decades Trom now?

KB:  (scans industry forecests)
In twenty years, the communications interliree and protocols on workplice systems
could be quite dilferent. The networking approach you are now considering is
close to maturation and will likely be obsolete inadecacde.

DI That would not be good preparation Tor our students. What are altermative tech-
nologies lTor networking systems?

KB:  (displays vertical chant of data ansmission speeds for varions technologios)

DI Show me these liguges ina table,

KB:  (displays speed data in tabular form; knowledge base notes user preference as d
defaudt format for future reguests)

DI Who are the network coordinators in the three closest middie schools that have
recently implemented i fiber optic network?

KB (searches index: thyee listings appecdr on the screen )
Here are the names you requested. You have no previous record of contaet with
Drs. Jones and Smith. You did interact with Mr. Biown three months ago: the topic
ol the discission was erasable optical dises. None ol these users are on line at the
moment. Would you like to send messages to theny?

DIE Yes

54
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KB:  tthis wsers standard format for initicting contact appears on the screen for editing:
the knowledge base antomatically sends the electronic mail when the wser bas finished
wording the messages)

DI Which businesses in i thirty mile radius have recently implemented a fiber optic
network?

KB (searches index: five names appear on the screen )

Here are the names you requested. One of these, the Technology Coordinator in
the Mayor's office, is also using this information utility at present. Would you like to
videoconference with him?

DI Yes,

(A videowindow appears on the Department Head's monitor with «a real-time image
of the Mayors Coordinator. On his screen, both an image of the Department FHead
and a window eith the blueprint she is studying appear. The heo discuss the merits of
this (ype of networking, using a telepointer to indicate where edach is pointing in the
WYSIWIS [“What You See s What | See | windome. The Coordinator advises the
Department Head that the Chair of the School Board is an adrocate of a different
Jorm of networking technology: the Department Head replies that she bas the final
decision making authority in this situation. After five mintes, the tivo dagree to meet
Jor lunch next week and terminate the videoconference )

DH: - How much more would fiber optic cable cost than twisted-pair?

KB:  (concludes from incoming physiological data and historical patterns of user’s
concentration span that her attention is wandering)

Would you like to take a break firste?

DH: Yes. While T get some espresso, build @ cross-impict natrix template for me.
want to assess the likely consequences that shitting the networking strategy will
have for home-school interconnections, the use of intelligent diagnostic devices., and
the simulcast of Japanese athletic event, during the bisweekly four to five pan. class
Session.

The vignette demonstrates how the advanced technologies discussed in Appendlix
B might be used in practice. As the scenario suggests, working with an intelligent tool
requires less low-level data manipulkstion than using i conventional infornation system,
but necessitates more higher-order cognition. The complex intellectual performance the
teacher exhibits in this future vision illustrates the skills today’s students will routinely
need in the workpliace they will inherit. Note the emphasis on long range thinking, the
assessment of how an innovation nay impact other parts of the organizational system
and the focus on problem solving through interdisciplinary analysis.

The flexible roles that teachers play in the institution's decentralized administra-
tion are “hown by the responsibilities — and power — the Department Head has,
Difterentiated stafting, flexible scheduling and the routine use of educational sites
outside of the school make such distributed authority possible. Advanced computer-
supported cooperative work technologies enitble the complex coordination required
and allow the involvement of external stakeholders (e.g., the Mayor's Technology
Coordinator).

Both technology and organizational redesign have improved current working
conditions: the Department Head has a private office, a sophisticated workstation and
an espresso michine. Such changes are essential to attracting the skilled hunian

resources this complex professional role necessitates.
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The Seminar

Many of the design principles in Appendis A can be implemented without the use

of information technology, This scenario indicates tis. limits of instractional devices,
suggests some social inventions central to restracturing, and depicts the continuing
central tole of human interaction even in i technology-intensive educational paradigm.

e, Hari Grosvenor sat on the Hoor with lis students inaccirede, Three O-year-olds were
trying 1otk simultancousty, Eaeh was somewhat impeded in the discussion by having 10
use Spanish this part ol the day was devoted 1o practice in second Linguage) but their
enthusiasm wis unhindered, “To ari's relicl, only his landicapped student’s instructional
deviee wits carrently in the room: he hated information technology.

Flasi fel e inteligent tools had their uses, but not in his classes, “The foundations tor his
pupils” discussion hid Dbeen Laid by technologies that trained them in the prereguisite
knowledge, but only a hunian teacher could naster the intricacies of teaching i seminar.
His specialty wis helping leamers with low sell-esteem feed capable, loved, motivated and
chillenged. T revedled in the freedom he hid: o wach anything he winted inany way
he chose, so long s his students” sense of personal worth inercased. His ability 1o assess
individual leaming stvle better than the most sophisticated dingnostic devices was being
stuclied, but he knew that a machine could never replace him.

From her vintage point at the far side ol the circle, safely in the middle of her pressure
patdd, Aricl wiatehed Hari dettly refocus the discussion. The scanner on top of her com-
puter screen continually: monitored Ariel's actions with her wooden blocks, Simulta-
neously, icons on the sereen depicted her movements, test along the sereen’s bottom
deseribed her actions. and g synthesized voice in her carphones discussed what she was
doing. Her congenital mental handicap was rapidly improving through this immersion in
multiple representations of reality, from conerete manipulations 1o abstract symbols——plus
the care of her teachers, Sl she liked her nchine best of all right now: no person was
as oblivious o her hiandicaps.

Having intervened 1o stop his seminar from coming 1o blows over who should serve s
their representtive on the school's governing board, Hari's thoughts wandered. He
wondered Tow he should spend his merit bonus: once again, his innovation quotient hid
heen the highest in the school, “Computers slow down those ather teachers and stifle
their creativity,” he mused. =T ghad the nest stage in the master plan for our region calls
for less rediamee on instructional devices, Bioteeh prosthetie enhancers are definitely the
hest thing going.”

Every school will have numerous learning settings thitt focus oninteractions among
peoaple without technology intervening. Inaddition, iechnology is nosilver bullets since
Al pedagogical technigues have their fimits, some students will he unable to feam from
instroctional devices, Other pupils, like Ariel, will e able o achieve their full potential
only with the aid of sophisticated intellectual prosthietios.

Hari's merit honus Tor innovation and his recdom to control content and methods

as o way of building learners’ selli-coneept exemplify the types of organizational innova-
tions essential Tor suceesstul restructuring, “The participation of learmers in school
govermanee is importnt, hoth because all stakeholders should have a voice s be-
cause this type of involvement is @ good wity 1o leam group decision making and

democratic processes. As the seenario suggests, just when we are leaming how best to
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use information technology, along will come the biotechnologies to further complicate

cducation's mission.

Summary

These vignettes convey a lavor of the ways information technology can empower
restructuring for learning. However, while short scenarios are a good method for
imaging the microstructure of a future environment, they are limited in portraying
patterns of large-scale change. The effect is much like trying to visualize a wall-sized
painting by examining the surface one square inch ata tinie. Hence, the scope of this
study precludes giving the *big picture’ for educational restiucturing.

These small scenarios also suggest the types of sophisticated skills today's
stwlents need for the workpliace they will face as adults. Imagining civilization a
generation from now may be as difficult for us as visualizing a commodities broker
clectronically monitoring soybean options would have been for eighteenth century
farmers contemplating @ steam tractor. The Industrial Revolution took more than a
century to reach fruition; but global cconomic competition and the pace of technologi-
il advance will drive the next transformation in several decades.

We cannot leap directly to these images of the future—nor would we wish to,
as they are doubtless mistaken in significant ways.  Essential to the attainment of these
visions will be overcoming the widespread misconceptions about instructional technol-
ogy discussed in Appendix C. Correcting these false beliefs will he an important carly
step in creating an evolutionary process toward shared, dynamic images of schooling
redesigned for leaming.

A Suggested Series of Actions for Initiating Educational Redesign

Onc of the organizational assumptions in Appendix A indicates that, in evolving
from its present state to some distant, desired goal, an institution must progress in
quantum steps via stakle intermediate structures. Each stage of evolution requires a
critical mass of resources, must create a new organization more rewarding to its stuke-
holders than the previous stage and should shift the institutional infrastructure doser to
the ultimate objective. Below are two incomplete lists of actions we should take to
initiate such a restructuring process; their focus is on technology's role in empowering
learning and organizational redesign.

Practitioner Initiatives
* Convene a representative group of influential leaders from education, business,

government, media and the community to form a critical mass of resources to

initiate large-scale innovation. The agenda would be to coalesce:

— collective design principles to restructure schooling for learning through
technology.

— shared long-range visions for educational practice based on those principles.

— detailed models of the first stige of schooling's evolution, to be mplemented
at a variety of demonstration sites.
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— 4 process for monitoring the evolution of these activities and periodically

reformulating design principles and long-range visions,

e Mount a coordinated campaign to inform all stakeholders in high quality
education both about why an immediate transformation of our current paradigm
for schooling is essential and about the evolutioniry process that the coalition
above has initiated. '

o Lobby all types of regulatory bodies that govern schooling for waivers from
current regulations to allow experimentation with alternate paradigms for
teaching/learning.

e Develop an overall research design for a set of high risk, high gain experiments
with unusual institutional structures and innovative technologies. These studies
would attack major problems that have been intractable in the current paradigm
for schooling. For example, we could determine whether artificial realities
created through information technology might undercut  drug use by providing
students with a different way of getting outside the stresses of their everveay
envitonment. Other potential research themes include alternate methods for
cducation to he accountable to society and new types of incentives for
individual and institutional innovation.  The restructuring coalition would
distribute these projects among its participiants to mininmize costs and risks, but
would centrally coordinate rescarch designs and information gathering to
maximize the knowledge gained.

e Devise technology partnerships between business and education. For eximple,
corporations could help to develop innovative appre vaches for front-end funding
of capital-intensive technology investments. - Also, industry experts on
implementing information technology in workplice settings could be vahuable
resources if loancd to schools,

o Develop less formal methods for credentialing educational achievement.

As an illustration, cognitive audit trails embedded in workplace tools ¢ wld
document learning-while-doing activities.

s Include instruction on the intersedtion of learning. technology and restructuring
in pre-service and in-service training. This instruction could focus on
combatting the misconeeptions about educational technology discussed in
Appendix C. In particular, teachers could be exposed to prototypes of
advanced instructional devices; this would illustrate both innovative pedagogical
capabilities and the shifts in human skills needed for partnership with intelligent
tools. By analyzing the outcomes of alternative implementation strategices,
the importance of powerful hardware, long lead time and a critical mass of
resources could be demonstrated.

e Form buying collectives that develop a set of specifications for advanced
applications, then contract to expend a substantial amount of money if vendors

develop products that meet those requirements.
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Policy Initiatives
e Implement incentives to attract scarce human expertise into lcarning-related
applications of artificial intelligence. computer science, cognitive science and
organizational design. At present, few expert practitioners in those fields choose
1o become involved with educational innovation.

* Provide greater research funding for:

— sophisticated conceptions of human intelligence.

— innovative technologies for evaluating aptitude and achicvement.

— empirice i studies of tutoring and individual learning.

— new approaches to instructional design (for human teaching, standard

computer assisted instruction and intelligent ttoring systems).

— core human skills for cognitive partnership with intelligent ools,

— psychological and social impacts of the intensive use of instructional

technologices,

* Develop better measures of the economic utility to our nation of investing in
human resources. The American public has much more knowledge of how
many resources schools consume than of the long-range costs of an ignorant
society,

e Promote the facilitation of learning by educational agents other than schools
(families, communities, workplace, media). For example, businesses coukd
receive tax credits hased on technology partnerships with schools that 20
beyond the donation of obsolete equipment,

These lists are illustrative rather than complete. but indicate the types of actions
central to starting an evolutionary process of restructuring, Hopetully, papers such as
this will stimulate a synthesis of agenclas for action from many ditferent perspedtives,

Conclusion

Ad\';lnccd information technologies are changing the knowledge, skills and values
needed to be a worker, ditizen and self-actualized human being. In a globul market-
plice, for America to regain prosperity, developing an acee mplished and motivated
populace will be at least as important as technical advances, partnerships between
government and business, international treaties and decisive leadership, The quality of
the nation’s educational system is central to preparing us to best the challenges we face
on the brink of the millennium.

Many have documented that present approaches to schooling are deeply flawed
and should he radically changed. Comparing existing practice to the design principles
in Appendix A illustrates that a complete transformation is necessary: almost every
assumption underlying the current educational model is obsolete. Shifting to a new
paracligm for teaching/learning is crucial to developing human resources for transcend-
ing our present malaise,
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The use of advanced information technology is essential to the suceess of school
restructuring.  Individualized leaming and decentralized institutional structures require
complex organizational practices that necessitate s yphisticated computational and
communications capabilitics. Stepping into a classroom should be like entering a time
machine hurtling forward; today's educational system should foreshadow the intelligent
ools and interactive media that will pervade future workplaces and communities.

A critical mass for large-scale restructuring of schools can be built through an
iterated process of:
— defining basic assumptions about learning, instructional technology and
organizational development.
— imaging ideal teaching/learning environments based on design principles
from these assumptions,
— delincating actions in the present to initiate an evolutionary process that
shapes these desired tutures.
This paper presents my current beliefs, visions, and suggested initiatives.
Through sharing our individual suggestions, we can collectively construct new types of
organizations that markedly improve educational efectiveness.
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Appendix A: Beliefs about Learning,
Information Technology and Organizational Design

clow are listed sets of assuniptions about learning, information technology and
organizational design. These summarize the basic ideas shaping my vision of schooling;
design principles derived from these betiefs underlic the future visions described in the
body of this paper. These lists are not meant to be exhaustive sumnmiries of current
knowledge; the references in the bibliography are illustrative sources that Fve found
uscful in conceptualizing these foundational postulates.

Assumptions About Learning

* Learning involves an evolutionary series of progressively more sophisticated
conceptions of reality. Learners interpret every instructional experience through
an existing mental model; they ae not eipty vessels to be filled.

* New coneepts and skills are best remembered and integrated with existing
knowledge if leamning is active and constiuctive rather than passive and
assimilative.

* Education must begin by making learners feel capable and motivated and
challenged. In addition, Fasic needs deeper than leaming (safety, hunger, love)
must first be met.

¢ Learning is motivated by muitiple factors, including intrinsic curiosity, social
interaction, extrinsic rewards and the joy of accomplishment. Because of this
mixture of motivations, cooperative learning in groups is sometimes the optimal
strategy; in other situations, individual learaing is superior. Often, the ideal
environment for learning is very diverse, mixing different ages, developmental
levels and cultural backgrounds.

¢ Learning is dependent on an individual's beliefs and atitudes. For example,
understanding a student’s cultural perspective is vital to communicating knowl-
edge and measuring learning,
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e Each individual has a unigue style of learning, based on cognitive, sensory,

psychomotor and social factors, Tailoring instruction to this style is vital for
cducational effectiveness, The material an individual is capable of learning is
dependent on developmental level. At carly ages, the more abstract representa-
tions educational technology can present are less useful than in later years when
tformal reasoning skills have evolved.

The activities through which learning takes place and the context in which
learing oceurs are integral parts of the knowledge gained. Educational effec-
tiveness is enhanced by situating learning in an environment similar to that in
which the knowledge will be used.

Once learners have mastered the fundamentals of a subject, using an
interdlisciplinary approach to subject matter is more effective than’breaking
matersal into the traditional disciplines, hecause real-world problem solving
involves comprehending richly interconnected systems,

Each step in learning requires time for reflective ideation. Compressing the time
necessary for an individual to master an educational experience results in little
or no learning.  Leaming is continuous and unbounded; people who treat every
situation as an opportunity for growth learn more than those who limit their
cducation to classroom settings.

Much of an individual's ultimate capacity for personal growth is determined
prenatally and in the fiest five years of life. Developing the learning capabilities
of children must begin long betore they reach kindergarten.,

very few people are currently achieving close to the level they could have
attained if their true potential for leaming had been realized. Society benedits
most from an educational system that seeks to maximize the attainments of all
learners.

Reality is richer and more complex than people can fully comprehend.

The goal of leaming is to participate meaningfully in a cultural context rather
than to attain absolute truth. Teachers are learners who are adept at facilitating
growth.

These assumptions are centered on learning rather than teaching. For three
decades, intensive efforts to improve teaching have had litde effect on student out-
comes. Looking for leverage by focussing on cognitive science's new theories about
learning scems a good shift in strategy.

Assumptions About Information Technology

e The largest influence determining the current personal worldview of learners is

the pervasive sensory/informational/normative context created by television,
adio, videogames, movies and videotapes, By creating artificial realities that
mediate people's contact with their physical and social environments,
sophisticated information technologies are generating media that can be the
source of unparalleled communication — or of distortion and propaganda. The
fact that learners are continually immersed in virtual environments external to
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schooling should shape the redesign of educational institutions.  For example,

cducational technologics should take advantage of learners” Eumiliarity with

visual representations. and the curriculum should build studdents' skills in
identifying bias and in separating fiction from reality,

e When integrated into an overall pedagogical strategy. current information

technologies — computers. videoplayers, welevisi n — can significantly improve

instruction. The media already offer learners aceess to a much broader range of
content than was available to past generations. Now, inexpensive, portable
multi-media devices have the potential for greater interactivity, cooperative
learning, use situated in real-world contexts and communication across barriers
of distance and time. Instructional microcomputers enable students to master
information tools similar to those they will use as workers, support multiple
learning styles and provide enriched educational environments based on user
control and involvement. The roles of teachers and administrators have been
made substantially casier by applications crafted to aid in every type of data
nunagement task.

Beyond current information technologies, the advanced instructional devices

listed in Appendix B offer the promise of improving learmning because:

— Intelligent devices can ereate learning environments tilored to individual
student needs.

— Educational technologies can present comples, motivating simulations and
multimedia experiences othenwise unavailable to leamers.

— Sophisticated technology can reduce teachers” involvement in training
students about basic concepts and skills, frecing instructors to focus on the
higher-order and human-centered aspedts of education.

— Educational technologies can unobtiusively colled detailed information
essential for the diagnosis and evaluation of individual learner performance.

— Technology can be i acutral medium free from hiases and assumptions
about individual icarners” innate capabilities.,

— Distance leaming technologies can bridge barriers of distance and time to
deliver instruciion to students who have no other means of aceess to this
knowledge.

— Computer-supported cooperative learning can enhance snall group
interaction as a poedagogical strategy.

— Using information technology in schools prepares students to use similar
devices in socictal settings,

— Applying technology to extend teachers” roles and to improve their working
conditions and respect from society can increase both the quality of people
entering the profession and the motivation of current teachers.

— Technology can provide the flexible and decentralized information systems
necessiry for an administrative infrastructure that can maximize lcaming in
cducational organizations,

— Empowering environments for creating learning materials (¢.g., sophisticated
authoring systems and advanced tools for instructional design) can speed
curricular evolution,
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— Computer-mediated communications can support teicher collaboration.
— Research on how to create intelligent processes in devices can enhanee our
knowledge of human teaching and leaming,
For all these reasons, shifting to a technology-intensive paradigm for schooling
provides our best opportunity to produce major gains in teaching leaning,
Computers are cipable of @ kind of cognition complementary to hunun
thought. People are flexible, creative, adept at recognizing comples pattems:
computers excel at sophisticated nanipulation of formulas. During the next
decide, advianeed information technologies will increasingly amplify people’s
intelligence through cognitive partnerships between users and intelligent tools.
As the global market drives the evolution of the industrial workplace, this use of
cognition enhancers will alter our culture’s definitions of intelligence, quality,’
and “effectiveness.” These shitts will profoundly affect the mission, curriculum,
clients. methods, organization and location of schooling.
The vital issue is not how many educational devices are in classrooms, but how
relationships between students and teachers and schooling and society will alter
as i result. As Isiac Asimov once siid, the important thing to forecast is not the
automobile, but the parking problent: not the television, but the soap opera.
‘The two most common errors in technology assessment are overestinating the
speed of diffusion of an innovation and underestimating its eventual

CONSCYUeNUYs.

Assumptions About Organizational Design

o Evolutionary institutional change must be both bottom-up and top-down. both

internally championed and externally mandlated, both planned centrally and
shaped by numerous microforees, and both intrinsically worthwhile and
utilitarian.

In the long -~un. institutions are more productive it every role is respected.
eacellence snd quality are moving targets, incentives and resource allocations
are determined by merit and rank has no special privileges. Teams that share
responsibilitios and rewards for services to the organization’s stikeholders are
more effective than hierarchies in which cach individual is held accountable for
doing a particular job.

Institutional actors automatically and unconsciously shift their roles to reflect the
current opertional reward system (which may not be the formal incentive
structure). Any nxjor orginizational change necessitates o prior shift in the
institutional culture's real system of rewards and recognition, including the
standirds by which its stakeholders judge organizational accountability and
exceellence.

In uncertain. irbulent socictal environments such as the kite twenticth
cenmtury), highly decentralized organizations are more effective in meeting their

immediate goals and are better able to alter their mission in response to
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contextual shifts, Providing services to a diverse clientele with changing needs
requires flexible staffing structures with multiple roles. accountability hased on
pedormance, authority synonymous with responsibility and incentives for
continual innovation.

* In cvolving from its present state to some distant, desired goal, an institution
must progress in quetntum steps vii stable intermediate stractures, Each stage of
evolution requires st eritical mass of resourees, creates a0 new organizition more
rewarding to its sttkeholders than the previous stage and shifts the institutional
infrastructure closer to the ultimate objective,

* When an institution uses information technology to become more productive.,
many dimensions of occupational roles shift. The organizational culture’s goals,
pice, paty, cireer opportunitics, work standards, required skills, power, contiol
over working conditions and status hierarchy all may alter. I o technology-
intensive approach is to be effective, major changes in the organization’s
infrastracture must be nuade to minimize the costs to the institution’s: participants
associated with these changes.

* Any institution whose scervices have their primary impact in the distant futare
must operate from a long-range perspective. Strategic thinking in educational
organizations necessittes i plinning horizon of decades rather than days.

* An institution’s most important asset is the quality of its people. A major
purpose of an organization’s structure is the use of salaries, working conditions,
collegiality and respect from society to attract and retain outstanding workers.
Because the skills and intelligence a career in educition requires are as
deminding as those in any profession, to keep a quality worktoree educational
institutions must provide an occupational environment as attractive as those in
the other professions.

o Educational institutions are systems:  to be effective, a0 change in any aspect of
the organization requires shifts in every aspect of the organization. Society's
educational agents form asysten: alterations in schooling necessitate changes
in our culture’s other learning environments (e.g., ramilics, communitics, media,
the workplace). People are now part of a global system that is constantly
changing on many different levels: we all have e saike in others” litelong,
lcarning and must continually maodify education as the world alters. I all these
situations, the desired outcome of redesign is to create an evolutioniry process
rather than to reach some static goal,

e Beaause learning is as basic and important i human activity as hreathing, all
societal institutions have a stake inand a responsibility for facilitating learring,
Schooling is society’s most formal mechinism for enhancing hunan potential,
but holding only schools responsible for what people leiarn is like holding only
Farmers responsible for what people cat. To sustain educational quality, every
one who gains by having an intelligent society must participate in promoting
lcarmning and must pereeive a persomal benetit from cach restructuring of
schooling. First among equals in these stakeholders is the leamer.
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Appendix B: The Evolution of Instructional Technology

or at least another fifteen years, the informiition technologies will continue to
increase in power while decreasing in cost. The table below presents a forecast of
when some technological capabilities useful for learning will be available on high-end
personal computers,
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Functionality Uses Forecasted Availability
Hypermedia Interlinking of diverse Now

(nonlincar traversal subject matter; easicer

of multi-media conceptual exploration,

information) training, collaboration

High quality voice Auditory natural Now

synthesis language output

Cognitive aulit trails support for finding Early 1990s

(automatic recording patterns of suboptinul

of user actions) perfornuince

Advanced manipulatory
input devices (e.g.

Mimetic learning which Early 1990s
builds on real world

gesture gloves with experience
tactile feedback)
Optical — disc systems Support of large data Early 1990s

with multiple read”
write and mixed-media
capabilities

and knowledge bases,
very cheap secondary
storage: facilitation
of artificial realitics
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Functionality

Uses

Forecasted Availability

High-bandwidth
fiber-optic networks

Massive real time data
exchange

Early 1990s

Synthesis of computers,
telecommunications

Easy interconnection;
realistic simulation

Early 1990s

standardization of
computer and
telecommunications
jsrotocols

Easy connectivity,
compatibility;
lower costs

Mid 1990s

Sophisticated User

Interface Management

Systems

Easier development of
instructional
applications; reduced
time for novices to
master a4 program

Mid 1990s

Intelligent computational
agents embedded in
applications

Support for user-
defined independent
actions

Mid 1990s

Computer-supported
cooperative work
(cotlaborative design,
collective problem
solving, group decision
suppott)

Mastery of team
task performance

Mid 1990s

User-specific,
limited-vocabulary
voice recognition

Restricted natural
language input

Mid 1990s

Information utilitics
(synthesis of medlia,
databases, and
communications)

Acceess o integrated
sources of data and
tools for assimilation

Mid 1990s

High-resolution color
monitors with
3-D graphics

Vivid simulation of
reality: casy reading
of text

Late 1990s

Microworlds
(limited, alternate
reahties with user
control over rules)

Experience in applying
theoretical information
in practical situations

Late 1990s

Consciousness Sensors

(input of user hiofeedback

into computer)

Monitoring of moaod,
state of mind

Late 1990s
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Functionality

Uses

Forecasted Availability

Microcomputer performance
cquivalent to current
supercomputers

sufficient power for
simultancous advanced
functionalities

Late 1990s

Knowledge processing
(contextuaily-linked
data storage with
embedded inference)

Goal-oriented, context-
specific mastery of
concepts and skills

Late 1990s

Intelligent tutors and
coaches for restricted
domains

Models of embedded
expertise for greater
individualization

Year 2000+

Artificial Realities
(computer-maintained

virtual worlds)

Intensely imotivating
simulation and

experienee

Year 2000+

The scenarios in the paper illustrate how these emerging functionalities might be

usced in future real-world contexts.,
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Appendix C: Current Misconceptions
about Educational Technology

iX misconceptions have contributed to educators” delays in tiking advantage of

cmerging technological capabilitios:

-

The Misconception of Familiarity is that educitors use additional computing
power o nitke existing applications more efficient (¢.g., more rapid
scarches through databases) rather than to implement innovidive capabilitics
tsuch as storing information in virtual mental madels: hypermedian,

The Misconeeption ol Consolidition is that the wave ol innovation in educat-
ional technology is almost over; we know now whit these devices can and
cannot do, and we need only to consolidite and refine our present model of
usige. Just the opposite is true:: much more powertul instructional tools are
emerging. our current strategios are inadequate to maximize the benelit of
these new approaches. and the real impact of technological change on
cducational institutions is just beginning.

The Misconception of Literacy is that, like hinguage or mathematics,
information technologios are predominantly a medium for nanipuliting and
communicting symbols,  Instead. emerging intelligent devices e potential
intellecual partners, i new species with which to coexist. Our goal should
not be student mastery of the mechanices of a medium — as with the 3 RS
— but rather complementary relationships between learmners and intelligent
technologies that are more than objects, but less than hunen.,

The Misconception of Pawer is thit students need less powerful devices thin
workplice users. On the contrny, the selt-explicating interfiaces and
intelligent coaches helplul to novices require computers with more
functionality than upper-end business workstations, Our installed base of
instructional computers is woclully underpowered (o suppont the next
generation of educational applications.

The Misconception of Timing is that educators should defer preparing to use
new types ol applications until the hardware and sofiware 1o support them

~4
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are widely available. 1n fact, building a curricular architecture and retraining
teachers to tike full advantage of emerging knowledge representations, such
as hypermedia, will require years of advance development. More powerful
workstations can create a new level of effectiveness in schools only if the
cognitive and organizational infrastructure to support their use is in place
before the machines are purchased.

6. The Misconception of Incrementalism is that effective innovation can be
achieved by adding a little more technology to a classtoom cach year until
finally every student has ample access to instructional devices. While such
an approach does emphasize the equitable distribution of limited resources,
it ignores the importance of beginning with the critical mass of equipment
necessary for productive utilization.  Too often, teachers become
discouraged because inadequate amounts of 1echnology produce little
improvement in student performance, but this is a failing of the
implementation strategy rather than the technology.

As with anv systemic instructional approach, superficial attempts at technological
innovation generaw disappointing results. Current attempts to assess the potential of
technology to improve education usually instead measure the consequences of poor
adoption approaches. The primary bariers to innovation are not technological or
economic, but psychological and political.
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Restructuring and Technology:
Partners in Change

Jane L David

Introduction

chools are out of step with the times. Inside and out, schools look very much as
they did a hundred years ago — the buildings, size and shape of classrooms, divisions
bascd on age and how instruction is delivered.” Yet the world has changed remarkably
during that period. Families, jobs, social orginization and entertainment, among others,
look nothing like they did at the wim of the century. From inside a school one would
hardly know that visual images, rapid motion, technology and chinge are pervasive in
the world outside.

The nation’s public school system faces an enormous challenge: how to revamp
and reorganize o prepare students to function productively in today’s socicety. Creating
more demanding goals for all students and providing curriculum and instruction that
stimulate thinking and problem solving require a total restructuring of the education
system from top to bottom. All parts of the system must change, so that students,
teachers and administrators can take on and accomplish these more comples tasks, The
combination of peopic’s natural resistance to change and @ system with limited re-
sources make the challenge a daunting one.

Today's technology offers powerful tools for transforming what we do, what our
organizations look like and even how we think about the world, Increased use of
technology in schools is inevitable.  As technology becomes more and more prevalent
in all aspects of lite, its spread will be reflected in schools, But whether significant
changes in teaching and learning accompany the spread of technology in schools is an
open question.

OFf many imaginable scenarios for the futare of technology in schools, only some
affect teaching and learning directly. For example, computers will likely end up in
every school's office o be used for recordkeeping and communicating with school staft
and the central office. Computers may also become part of every teacher's
armamentarium for their own uses Gand probably bought with their own money)
including recordkeeping. communicating with parents, and lesson plinning. One cin

also imagine schools equipped with computers — as well as an array of audio, video
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and telecommunication technologies — available to all teachers and sivdents in a
variety of settings for a multitude of instructional purposes. Conversely, one can all too
eusily imagine schools with rooms full of broken, outdated and otherwise idle equip-
ment.

Technology clearly has the potential to vastly transform relationships between
teachers and students and even what schools look like. However, the history of
education reform provides scant evidence that such a transformation will occur simply
because the technology exists. Schools have demonstrated an unyielding resistance to
change over the decades, Reforms that are adopted tend to be those that readily fit
existing organizational structures and practices (e.g., Cubian 1988).

There are two reasons to expect current and future technologies to have a differ-
ent fate. First, the power, versatility, portability and case of use of today's technology
are altogether different from technologies of the past. Compare the video technology of
today with instructional television (ITV) of the past, for example. A large screen
monitor in the clssroom, hooked directly to a multi-channel cable system, together with
i VCR, laserdisk player and library of prerecorded programs, offers immediate aceess to
a wealth of visual material, as well as total control over scheduling and sequencing.

Add a camcorder, and low-cost video production becomes possible. These technolo-
gies bear little resemblance to ITV of the past, with its limited instructional software and
versatility.!

Although these gualities of new technologies may encourage use consistent with
existing practice, they will not lead to major changes in teaching and learning by
themselves. The second reason — the presence of restructuring activities — is more
compelling because it goes beyond technology to encompass what it takes throughout
the education system to change teaching and learning,

The current nationwide movement towards restructuring the whole education
system is unlike any previous educational reform inits goals, scope and support. The
very language of restructuring presents a dramatically different definition of the failure of
the system, and a correspondingly different view of what reform entails: the goal of
fundamentally transtorming teaching and learning to prepare students for the twenty-
first century requires all parts of the system to change.

Morcover, the discussion extends well beyond the usual 'insiders” involved in
debates over education reform.  All 50 governors have made commitments to restructure
the school systems in their states. Through the Business Roundtable, executives from
the 200 largest corporations have made 10-ycear commitments to assist restructuring
efforts in all 50 states. Across the country, there are superintendents, school boards,
administrators, teachers and parents, as well as representatives of higher education, who
acknowledge the need to restructure and have taken some first steps.

If these commitments persist and expand, technology will play a powertul role,
both as a catalyst for change and as a resource that will facilitate the transformation of
teaching and learning,  Together, restructuring and technology become a far more
powerful force for change than cither alone. In the following pages, 1 describe what
restructuring the education system means, what it takes to do it and the vole technology
can play. 1 then look briefly at current efforts to restructure and use technology and
speculate about the next steps.

70

Jane L, David: Partners in Chang»



A Quick Overview of Restructuring’

Rcslrucluring difters profoundly from previous approaches to education reform in
two ways. First, it is driven by challenging goals for student leaming, The goal of
restructuring is to transform the current education system into one able to provide
students with the kinds of skills they need in the world of today and tomorrow. This
means changing what schools do, not simply improving what they are already doing,

Second, restructuring takes on the whole system, in the past. reforms have tried
to change what happens in classrooms without acknowledging that much of what
happens is determined by rules and regulations generated and enforeed by the school
administration, district office, teachers” union and school board, as well as state and
federal bureaucracies. Education is an interconnected system, much like an interlocking
jigsaw puzzle, and it is impossible to change one picee without changing the rest of the
picces.

Restructuring builds on what has heen learned from previous reforms and from
research on how people learn and how organizations change: for example. the impor-
tance of schools us organizational entitics, cach with its unique circumstanees and
culture (e.g.. Goodlad 1984); the failure of externally imposed programs as solutions to
cducation problems and, conversely, the success of solutions devised by those respon-
sible for carrying them out (e.g., Elmore & McLaughlin 1988); and the importance of
active involvement in the process of learning (e.g., Bruner 1963).

The focus of previous reforms has been o mandate what procedures educators
should follow; restructuring shifts the focus to the results that their actions produce, Tt
dennands i new set of operating principles for the entire system — a shift from a rule-
bound, compliance-driven system to a more flexible, decentralized system able to learn,
adapt and respond to continual change. Restructuring presumes the goal for the
education system is not simply to cateh up to the world; it needs the capacity to con-
tinue to evolve as the world continues its rapid pace of change.

The scope of restructuring goes well beyond any previous reforms by identifying
the many levels and picces of the system that must change in order o transform the
learning process. Teaching and learning must embody more challenging goals. Stu-
dents must be able to understand what they read, not just recite rules and definitions; to
locate, retrieve and interpret information, not merely memorize a set of facts; to identity
and solve problems, not simply fill out worksheets; and to work collaboratively, as well
as by themscelves,

Thus, curriculum and instruction must change from an emphasis on isolated facts,
skills and coverage w integrated content, applications of skills and conceptual under-
standing. Teaching must change from dispensing information and grading right answers
to creating activities that engage students” minds and present complex problems with
multiple solwtions.

The locus of authority to make educationally important decisions within broad
gouls must shift to the school site. which in turn requires new roles for faculties. For
teachers and site administrtors to take on these new roles and responsibdities. district
and state administrators must change their roles correspondingly, from rule making and
monitoring to providing resources and helping school faculties create stimulating
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learning environments, Change of this magnitude requires new: roles for puarents,
community members, the business community and local and state policymakers, as
well.

Authority carries with it responsibility for outcomes, This means that ace wuntahil-
ity must shift from the current arrangement that places authority at the top and holds
people at the bottom accountable. to one that places both at the same level. Tt must
shift trom looking at procedures and marrow outcomes to focusing on results that reflect
valued learning goals. Such a shift requires development of new kinds of assessment
instruments that measure the kinds of thinking and problem solving skills that are the
desired outcomes.

At the same time, the systems that surround dementary and secondary education
must change.  For example. how higher education institutions define admission criteria
constrztins the extent to which high schools can change. The ways in which colleges
and universities prepare teachers and administrators exert tremendous influence on the
ability of the elementary and secondary system to change. Simikaly. how schools are
aceredited and staff certificd and licensed, s well as how tests and textbooks are

adopted. profoundly affects what happens in schools.

What It Takes to Restructure

D‘scrihing WHAT must change is different — and casier — than describing HOW it
can change. Above all, restructuring asks individuals atall levels of the education
system to chinge how they think about and do their jobs.

Imagine a typical school, divided into a number of roughly identical clissrooms.
Inside cach classroom, the number of students, how they were assigned to the class, the
content to be covered. the textbook., the length of the class period, how often it mects,
how suceess is judged (testing). not to mention the furniture. size and shape of the
room and so on — all these important conditions of instruction were not chosen by the
classroom teacher. They were passed down through tradition and fayers of the system.
The teacher is probably lecturing to the cliss or directing paper and pencil activities, or
perhaps trying to lead a discussion with 30 students. This is how the teacher was
taught, through 16 or more years of schooling, and then trained to teach.

Now we atsk these teachers to stop teaching students isolated facts, emphasizing
rote learning, covering the material and preparing for multiple choice tests, and instead
to start teaching students how to apply skills. how to understand concepts and solve
problems, how to work collaboratively and how to take responsibility for leaming — in
other words. to prepare students with the skills they will need w fundion in the
worktorce and in society. And we ask principals to motivate and lead this transition,
and district and state administrators to lead, support and assist schools as they redefine

their goals, their roles and their organizational structure.,

)
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This is a very challenging and difficult task to accomplish. especially under
constraints of time, money and expertise. It does not happen by fiat: it does not
happen by rhetoric alone. But it is demonstrably possible. Successh' atempts to
restructure in the corporate world (e.g., Kanter 1983; Peters & Waterniin 1982), and
early stages of restructuring eftonts in education, suggest certain critical ingredients for
the process of transforming teaching and learning. The following conclusions draw
heavily on two studies of restructuring efforts T led for the National Governors™ Associa-
tion (David 1989h, David et al 1990). Fhe first included case studies of four districts
beginning to restructure, and the second involved case studies of five state restructuring

initiziives.,

An Invitation

First people need an occasion to change — a reason for taking on something
more difficult — because itis clearly harder to do something new and different than to
continue doing the same thing. So the beginning steps of restructuring require leader-
ship that invites change — where states invite districts to change and districts invite
schools to change and principals invite teachers to change. The invitation is not an
engraved announcement but asignal that the goals have changed. The signal is
reinforced by discussions of the nature of the problem that demands new solutions, the
beliefs and values that will characterize the new system, some vision of what districts
iand schools can become and permission to take risks and fail. (See also, Schlechty
1990).

The occasion may be a crisis created by or taken advantage of by a leader. Or it
may be a grants competition or experiment. Or it might be a more radical shift in state
law- inviting the creation of new schools (Kolderie 1990), The invitation may also come
from outside the school system, from a foundation or corporation, The important
features of the invitation are that it signals that it is no longer business as usual and that
there is a sincere request for and commitment to support serious change efforts.

Authority and Flexibility

Closely related to aninvitation to change is a decentralization ol authority to
school faculties, accompanied by the flexibility (freedom from regulation) needed to
create truly different structures. School faculties cannot restructure their environments
without the ability to make educationally relevant decisions based on their particular
circumstances. In fact, in the absence of these, an invitation cannot be taken seriously.

This is a tricky step because formal authority is a fuzzy concept in most school
districts. For example, state legislatures control school budgets in many states. Many
districts have not made educationally important decisions in years beyond some mar-
ginal textbook choices and curriculum elaboration. Some types of authority do not
appear on their face to be educationally important but in fact are profoundly influential,
such as decisions about the architectural design of new school buildings .

Moreover, if decentralization and deregulation continue to mean token site-based
management — site councils with small discretionary budgets and a chance to request
waivers from certain rules — change will proceed at a snail's pace at best. At worst,
teachers and administrators (and parents and students) will spend endless hours debat-
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ing decisions that are not educationally important and mecting burdensome reporting
requirements on needs assessments, improvement plans and evaluations. (David 1989a)

Access to Knowledge

Even with formal authority and flexibility, tachers and administravors need new
knowledge and skills to do things differently. This does not mean a two-hour work-
shop on restructuring, It means that aceess o new knowledge and training is built into
the job. It means creating a culture in schools and districts where ongoing learning is
expected for students and adults — where there is acknowledgment that rapid change
and explosion of information require continuous learning on everyone's part.

Restructuring requires new roles and responsibilities for everyone in the system
which, in turn, requires a massive investment in human resource development. Corpo-
rations do not successfully change the way they do business without intensive retraining
and support for all employees. Neither can schools.

Time

In addition to authority and know-how, cducators need time. Tt is not possible for
teachers and administrators to change roles, to create new learning environments and to
build ongoing learning into their jobs without being provided sufficient time to do so.
Layering these major responsibilities on top of existing job responsibilities undercuts the
seriousness of their intent. Unfortunately, somewhere along the way time translates into
money, which will always be in short supply in education. Therefore. considerable
creativity must go into reallocating resources in ways that free up time for educators to
take on these new responsibilities.

It also takes time to change organizational structures, Districts that have tackled
decentralization in the past have devoted five to ten years to the process. Restructuring
requires a long term commitment which. in turn, requires a broad coalition of support.
so that the commitment can persist beyond changes in administration and clected

officials,

The Role of Technology

Rcslrucluring asks teachers and administrators to tackle more complex tasks with
fewer resources. The preceding discussion offers a set of essential conditions for such
change: an invitation to change, authority and flexibility, access to knowledge and time,
Technology cannot in itself provide any of these conditions but it can contribute in a
variety of ways to cach.

Technology can invite change by signaling the need for change and compelling
organizational and instructional changes in classrooms. It can help reallocate and
streteh resources and extend opportunities for learning for staff and students. In
addition, technology can provide support tor the increased variability and complexity
introduced by individually tailoring learning and decentralizing authority. Below |
describe some of these potential contributions for technology, based largely on my
observations as part of two ongoing studies® of efforts to introduce technology into

schools,
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Inviting Change

Technology can act as a catalyst for change in several ways, To begin with,
technology can provide an occasion for change —— a necessary step in restructuring. A
major infusion of hardware and software into a classroom or school offers an opportu-
nity to rethink traditional practice. Of course, dropping a roomful of dedicated drill-
and-practice systems into a school does not provide an occasion for major change. But
there are many alternative approaches that can serve as an invitation.

The presence of wehnology not only provides an opportunity for change; it also
symbolizes change. New technologies ire one of the most visible and obvious nanifes-
tations of how the world has changed and how quickly it continues to change. This
characteristic of todky's technology and what it takes to become a proficient user
embody and therefore implicitly communicate many of the ideas that underlie restruc-
turing, The introduction of technology, therefore, can lead to changes in teaching and
learning that are consistent with the goals of restructuring. For example:

Learning How to Learn/No Right Answers

Teachers quickly discover that the technology — hardware and software —
changes too rapidly to keep pace with. Hard decisions continually have o be made
about complex trade-ofts on incomplete information, There is no such thing as learning
all the facts or making the one right choice. In fact, learning about technology is a
career-long process because the technology will continue to change.

Teachers as Colleagues and Decision Makers

The introduction of technology fosters interactions among teachers, most of whom
are equally in the dark about the subject. With thousands of picces of software avail-
able and hardware constantly changing, teachers are anxious to learn from cach other
and to share experiences and knowledge. A colleague’s experience is by far the most
trusted source of information. The cost of technology also requires joint decisions about
allocating scarce resources. Should they buy one laser printer or three dot-matrix
printers? - What is the trade-oft between aceess and quality? (This situation presumes
that teachers have the opportunity to make such decisions.)

Problem-solving Opportunities

Besides the software and instruction used to wach problem-solving strategics per
se. student use of computers provides opportunities to develop some “authentic prob-
lem solving skills because there are always glitches as well as procedures to be leamed.
Whether a bug in the software, a malfunctioning disk drive, a faulty chip or operator
crror, there are always problems to be solved and students become quite adept at
analyzing and solving them.

New Roles and Relationships in the Classroom

New relationships between and among teachers and students resalt from the
presence of technology. - A teacher facing students seated at computers leams quickly
that he/she cannot conduct business as usual. Students turn to cach other for answers
to questions; teachers, who may feel threatened at first, end up turning to students: no
one knows everything, Suddenly, expert knowledge is spread around and the teacher

&1
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is no longer the single authority in the class. Collaboration among students, and

hetween students and teachers, oceurs naturally,

Reallocating Resources

The potential for technology to reallocate and extend existing resourees is only
beginning to be tapped. There are unlikely to be sufficient funds or people to stafl
every school with *the best and brightest” or to support ongoing training and retraining
for all educators, Increasing the effectiveness of waching and learning will. theretore,
require serious rethinking of how resources — especially staff — are allocated. an
extension of the notion of creating new roles and responsibilities across the systen.

Technology cannot solve these problems but it can contribute by expanding the
possible range of solutions, For example, a first grade teacher videotaped herself
reading a story aloud. She then played the tape for the class, frecing herselt to walk
around and help students tollow the story in the book. Effectively. she cloned herself in
the classroom. “The combination of technology and reconceeiving roles taroughout an
entire school opens a whole new realm of possibilities for creating learing environ-
ments that look nothing like the present arrangement of one teacher per 25-35 students
of the same age.

Technology can also bring resources into the classroom thi tacilitate active.
problem-hased leaming and aceess to information otherwise unavailable or prohibitive
expensive. Computer simulations. telecommunications and compact disks. even in thei
infancy. extend remarkably the sources of information available to students. Moreover,
the technology can better reflect the world of visual images students have grown up
with, and thus have more intrinsic appeal to them, Increased student motivation and
decreased discipline problems are frequently cited by teachers in technology-rich
classrooms. often to their surprise.

Similarly. teachers and administrators as well as parents and students can avail
themselves of a variety of workshops and courses via telecommunications, Teachers no
longer need rely exclusively on what is available in their district. Teachers and students
can also exchange ideas and experiences through networks. greatly expancding their
repertoire of experiences.

Technology can also greatly simplify management and recordkeeping for instruc-
tional and administrative purposes. frecing the time of teachers and administrators for
more substantive work. Similarly, technology can enhance services. such as communi-
cation with parents. without increasing demands on time — for example, homework
telephone lines for parents, and even videotapes ol classroom activities shown over

local cable stations to keep parents intormed.

Managing Complexity

In contrast to initial expectations, technology does not simplify teaching, In fact,
introducing technology into schools as currently organized vastly increases the complex-
ity of teachers” job because it makes possible more complex — and more effective —
approaches to teaching.

Lecturing to the whole class is much simpler than organizing instruction around
individual and small group projects. Giving worksheets to the class is much simpler
than adapting to individual learning styles. Active learning environments ilso increase
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studdent movement and communication and pose organizational, planning, manigement
and evaluation challenges to even the strongest and most innovitive teachers.

Consequently. under the best of current circumstances — where teachers have the
Luest technology and suflicient training and support, including encouragement for
experimenttion — the presence of technology complicates their jobs enormously:,

They are not only learning how to use technology, but they are learing how to teach
differently, how to relate in nesw ways to their students and how to tike on new roles as
learners, rescarchers and equipment technicians.

Technology provides the potential to conduct as well as mianage more complex
tasks in the classroom, Uliimately. when organizational changes — teams of wachers,
Nexible grouping and schedules, time tor learning — and the Lrger culture of the
school and district support restructuring, the potential of technology to simultancously
increase and manage complexity will be exploited.

Technology canalso contribute to solving the assessment problems intrinsic to
restracturing,. Education is now stuck o the hors of an assessment dilemni, both for
purposes of accountability and for measuring individual student progress. Restructuring
locuses attention on results, yet there are no measures adequante to the task — that s,
that measure challenging goals for students, One solution is to create more authentic,
and hencee more complex, measures ol performance. But it these richer and more
meaningful results cannot be communicted as readily as grade-cquivalents, they will
not be widely accepted. Similarly, there is growing interest in building portfolios for
students that represent the quality of their work i richer and more meaningful ways
than paper and pendil tests, Such personalized assessment, however, is orders off
magnitude more complex than standardized tests, Morcover, such indicators of perlor-
nunce are far too detailed and noncomparable tor college admissions offices and
policymakers to use efficiently.

With appropriate conceptual and technical work as a basis, weehnology has the
potential to synthesize and displiy complex quantitative and qualitative data synthesized
from a variety of sources, Thus, one assessment application of teehinology might be a
single pictorial profile of cach student — perhaps a bar graph display ol cight dimen-
sions deemed important — that could be captured instantly and printed with shadows
representing the same measures at previous times (or nutrgins ol error), - School profiles
might be presented likewise, My hunch is that the grade-cquivalent will ultimately be
replaced by a picture, not by another single number. The same technology will support
much richer, deeper and more tilored leaming experiences by, for example. presenting

a menu of resources availible Tor students based on their assessment pictures.

Restructuring and Technology in Practice

Bt ith restructuring and technology have enomious potential to transform our educ-
tion system and vastly increase what students know and can do. Signs of restructuring
are already evident in a number of states and districts, as well as individual schools,

(see, for example, David 19890, and David ¢t al, 1990.) Progress is also evident in other
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parts of the system, including teacher certitication, curriculum development and assess-
ment.

Where restructuring is taken seriously, schools and districts are beginning to
look different. For example, schools are organized around teams of teachers and
students who may spend several years together. Courses are cross-disciplinary and
project-based; students work individually and collaboratively; teachers emphasize
application of skills, conceptual understanding and problem solving.  Districts are
beginning to decentralize authority, encouraging school faculties to create new ap-
proaches and redefining positions and roles in the central office.

These are not new or radical ideas by themselves. What is significantly different is
how teachers and administrators approach and think about these changes.  In sites
where educitors are truly tackling restructuring, their language does not reflect what |
call the *project mentality,” an almost-universal state of mind created by the last three
decades of education reform. Projects are characterized by fixed time lines, budgets,
requirements and limited scope. Teachers have seen hundreds of projects and, as a
result, have been acculturated to expect change to come in that form and carry a set of
specitic requirements for them.

Instead of the project mentality, where restructuring is underway teachers talk in
terms of having begun a career-long way of doing their jobs differently. They speak of
the need to continue to learn and experiment throughout their careers. Both teachers
and administrators no longer see their jobs as something for which they were trained in
the past and will continue to do the same way for the next 30 years.

Restructuring etforts bring about visible changes in teaching and learning to the
extent that the requisite ingredients are present — an invitation, authority and flexibility,
aceess to knowledge and time. Similarly, the inttoduction of technology actually
influences teaching and learning to the exient these same ingredients for change are
present. Moreover, such changes in teaching and learning echo those described above
in restructuring schools: — collaboration, cross-disciplinary and project based courses,
emphasis on applying skills and problem solving.

Thus, for example, Apple Computer, Inc. issued an invitation to rethink teaching
and learning in its ACOT(sm)* projects. Each project consists of a few classrooms in a
school where each student has a computer at school and at home.  In addition to
providing “high-intensity access' to technology and an invitation to experiment, staff
from Apple headquarters have created several other conditions for restructuring. ACOT
teachers have extra planning time as well as support and training from Apple ACOT
staft, both on site and at Apple headquarters. Apple’s emphasis on research and
development (a phrase almost never heard in school districts) has created a climate that
encourages and supports experimentation and risk taking. Morcover, Apple provides
opportunities for professional experiences rarely available to teachers — presentations at
research meetings and conferences, summer institutes at Apple and electronic communi-
cations with colleagues at the other sites,

As a result, changes are visible in the organization of ACOT classrooms and in
how teaching and learning occur in them. There is much more student interaction and
movement in the classes, as students work together on projects, help each other with
technical difficulties in individual work and explore new hardware and software,
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Although there are major differences across sites (including grade level, type of commu-
nity and innovations in instruction), no ACOT classroom would be mistaken for a
traditional class.

But the effects of ACOT are limited because it involves only a few classrooms in a
school and is not part of a larger school and district change cftort. ACOT does have
some influence outside its own classrooms; however, the influences in the opposite
direction — from the outside culture that gencrally resists risk taking and change — are
tar stronger. This places added stress on ACOT teachers struggling to learn new ways
of doing their jobs. The ACOT experiment also raises some hard questions, beyond the
scope of this paper, about the long-term cffects of changing the behaviors of a small
number of teachers and students in a system that docs not yet support these new
behaviors,

Another example of technology introduced in concert with other ingredients for
change is one of several Model Technology Schools (MTS) sites in California, Through
4 large five-year grant, the State of California issued an invitation o integrate technology
into curriculum and instruction. This particular MTS site also invests heavily in profes-
sional development, providing an array of opportunities for all the teachers in the three
MTS schools to learn to use technology hefore wsing technology for instruction, as well
as school-based assistance.

At the end of three years, almost all teachers in MTS schools use technology in
one way or another. There is considerable variation in use from almost none to very
sophisticated uses. Some teachers use technology simply to make current strategics
more cfficient; for example. presenting materials on a big-screen video monitor instead
of a chalkboard. - Other teachers have adopted markedly ditferent kinds of instructional
strategies, such as having students use a Hypercard database of habitats to prepare for a
ficld trip. The latter are. not surprisingly, from those teachers who have tended to be
innovative in the past.

ACOT and MTS also illustrate some of the trade-offs in making decisions about
technology prrchases and support. ACOT has the advantage of large infusions of
technology and assistance with the corresponding disadvantage of a limited number of
classrooms. In contrast, MTS is schoolwide, which carries significant advantages, but
cach classroom has correspondingly less technology. The MTS schoolwide focus and
need to pool and share resources encourages gronp planning and decision making.  For
cxzuhplc. in the MTS junior high school teachers share a productivity center including
computers and a laser printer and, with students, siare a video production center. Each
department makes decisions about software purchases, In addition, schoolwide efforts
are far more likely than single classrooms to influence the culture of the school. On the
other hand, there are only a few computers per classroom. Consequently, uses of
technology have less dramatic effects on classroom organization and instruction here
than in the ACOT set-up of one computer per student,

Other configurations of technology are possible that balance deninds on
resources with the benetits of schoolwide approaches. One is the establishment of
certain schools as research and development sites or professional development centers
or other similar concepts, in which the school is designated as a place for resemch and
development,
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Looking Ahead

TIU widespread uses of technology in both ACOT and MTS sites are w striking
contrast to most district technology purchases that have little or no discernable impact
on teachers or students. Decisions to purchase dedicated systems and drill and practice
soltware, o allocate one computer per classroom or one room of computers per school
and other approaches like these are not even intended to chiange wiaching and leaming,
In contrast, ACOT and MTS offer teachers i voice in technology purchases and configu-
rations. and also provide o range of clevelopment opportunities ofl-campus and in the
classroom on using technology to support new kinds ol instruction,

Like restructuring cfforts that are limited o single schools. however. efforts like
ACOT and MTS will trnstorm education only to the estent that they become part of
Lirger district and state elforts to restructure. By themselves, they are likely to share the
fate of the many projects that have preceded them, ACOTs handful of clissrooms and
MIS's handful of schools are limited in their progress because they are not part of Lirger
district and state restructuring efforts, Consequently. even with an invitation trom
Apple Computer for ACOT and the State of California for MTS) and aecess to some new
knowledge. the larger systems do not provide authority and tlexibility and time to leamn
built into the daily job of teaching.

Even with considerable resources dedicated to teaching about technology. il the
other picces necessary to support significant change are absent — knowledge about
new wis to teach, and the Nexibiity to reorganize instruction. schedules, student
grouping — only a few innovative achers will change the way they teach as aresult of
the weehnology. These are in fact the same conditions described above as requisites for
restructuring: an invitation. authority and flexibility. aceess to knowledge and time.
Thus. whether restructuring and technology will transform teaching and learning
ultimately depends upon the abilty of the education system oralternative systems” to
meet these conditions,

This hitrkens back to the central feature of restructuring — it is 0 systemwide
process. Individual classrooms and schools cannot change substantially i the other
picees of the system do not change. Thus both MTS and ACOT are ultimately limited in
the effedts they can have without school. district and state support.

The sime limitations apply to restructuring efforts that begin on asmall-scale.

One example is o high school that has redesigned much of its curriculum around multi-
disciplinary courses and shifted o portfolios for student records. Faculty members
wrate to some 30 colleges and universitios, asking il their students would be at a
disadvantage coming from i school with non-traditionil courses and portiolios instead
of Garnegic units and grades. The answers were that test scores would be weighted
more heavily because portfolios were too time-consuming to peruse, Similarly. students
in technology-rich environments engige in clissroom activities that emphasize thinking
and problem solving, vetare ultimately judged by standardized tests that emphasize
isokited Frets and recll. Until there is broader agreement on curriculum goals and
adequate measures. this tension between conflicting goals will persist.

Restructuring is difficult. Leaming how to use technology: effectively is difficult.
Both require leaming new ways to wiach, which in trn require changing all parts of the
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system. - Change is impossible to lwnch when skills and knowledge are absent, and it is
impossible to sustain when the culture doesn't support it. But difficult as change may
be, itis essential to the future of our cconomy and our society. The absence of change
no longer means standing still: it is synonymous with moving backwards.

The concepts behind restracturing the education system and the technology that
can contribute are part of a new inforniation age paradigm, not the industrial paracdigm
of the past. Together they reinforee o new viewpoint which magnifies their potential to
change education. To the extent that restructuring and technology are twisted to fit the
old paradigm. they will not affect education practice. To the extent that restructuring
and rechnology are driven by challenging goals for students and supported by long term
commitments to change and investment in human resources, they will increase the
productivity of our schools, and ultimately our socicty.
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End Notes

' And this is equipment casy to use and already familiar to most teachers and students.
Adding a computer extends the power and flexibility another order of magnitude,
though initially more complicated to use,

* Many of the ideas below are based on conversations with Michael Cohen and Susan
Traiman of the Nutional Governors® Association,

* SRI International’s eviluation of the Model Technology Schools project in the
Cupertino and Fremont Union districts in California supported by the California State
Department of Education (see David et al 1989) and my own study of four Apple
Classrooms of Tomorrow sites supported by Apple Computer, Inc.

* The label of restructuring has reached faddish proportions, hence there is little connec-
tion between the use of the label and whether or not restructuring is occurring, A good
litmus test to distinguish those restructuring from those doing another project is whether
they describe themselves as restructurING or restructurED — as in “We will be restruc-
tured in three years.”

* Apple Classrooms of Tomorrow (ACOT) is a research program of Apple Computer,
Inc.

* Arguments that the system cannot restructure itself a la Kolderie (1990) and Chubb &
Moe (1990) are persuasive, and proposals to establish alternative routes for creating
schools have strong appeal. Over the long haul, however, whichever routes are tuken,
the vast majority of current and future teachers and administrators will not be able to do
their jobs differently without intensive training of a kind that is not currently offered by
districts or institutions of higher educatic .
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How Structural Change Can Speed
the Introduction of Technology

he new electronic technologies have not come into education in anvthing like the
way they have come into business, into the home or for that matter into the military,
The difference is dranatic. And it is not because these technologics hold no potential
lor improving productivity or perfformance in education. They do. Almost cenainly the
difterence has something to do with the institution of education, which is reluctant to
move toward these technologies and which in fact resists when technology is offered.
Efforts to overcome this resistance have not been very suceesstul — and have not been
very sophisticated. . Believers in the potential of new methods and new technology have
hacl almaost no connection with the 'reform” effort that is working currently 1o under-
stand and to change what it is in education that makes the institution so resistant 1o
innovation. They have tended simply to go on explaining the beneits of the technol-
ogy for students. teachers and society, trusting that in time education will do what
seems to the designers, manufacturers and advocates of technology so Togical and so
necessary. This must not continue. The urgency ol the need to improve schools, and
the impending turnover of a large part of the cadre of educators in the nest few years,
makes it imperative now to lind an effective strategy for introducing new techne nogy
and new methads widely throughout the system. This can happen only i, at fast. the
discussion about technology is brought together with the discussion abow the organiza-

tion — the “structure” — of the education system. This project, and this paper. is an

Ted Kolderie
Summary

¢llort to suggest a way in which that connection ¢an he made.
91 Ted Rolderie: Structiral Change

58



Q

ERIC

Aruitoxt provided by Eic:

The Challenge

C( mputers, video and the digital compact disc — and the communications equipment
to link these devices — have been taken up rapiclly in the world outside the schools.
The appeal of these electronic deviees, their productivity and their declining cost has
made them a part of everyday life. They form w major part of the educational experience
of children outside school, as they watch television prograras and play in video arcades.

But it has been difficult to get chnology introduced into the school. And even
where it has been introduced it has not seemed to bring about the revolutionary change
its sponsors have hoped for, in teaching and learning. Something in the institution of
cducation resists; frustrating and disappointing those with a vision of what technology
could do to help Kids learn. This is not new: David Cohen has reminded us that people
originally thought the hook would revolutionize education; individualizing instruction.
Those hopes were disappointed. The book brought learning to people outside school.
But inside it became an extension of the teacher talking (Cohen, 1980).

The proponents of technology know trom their experience that something in the
structure of the institution is causing this resistance. But neither the theorists nor the
companies selling hardware and software have so far focused their cfforts on finding out
what this blockage is and how to remove it. Rather, they continue to think and write
and 1o talk to educators in districts and in schools, trying to encourage demonstrations
and to get sales for their equipment and programs.

Ultinately, they seem to helieve, the schools will come to aceept technology —
because it is good, or because it is becoming so common in the rest of society, or
because the country and the students need it, or because in some way it is logical and
inevitable.

The effort to introduce technology has not become a part of a farger and more
strategic effort to change, at the same time, the structure of the system.

This is not particularly a criticism of those interested in technology. [t is true
genetally that people interested in improving education (those interested in betwer
measurement of performance, for example) have seen the impertance — the necessity,
really — of a basic change in systeme-structure as a prior requirement for the suceess of
the change they want to bring about. A few have tried 1o change amangements internal
to the district, or to the school. But almost everyone. almost always, has taken the larger
structure of the system as “given.’

This is what now needs to change. I we wint the schools to introduce electronic
technology or new leaming methods and to use these to their potential to improve the
hig"er-order learning skills of students, we will have to be strategic. We will have to
find what is ciusing the resistance, and change that, This will mean solving the hasic
probleny in system-structure,

This paper will try to lay out how that niight be done - to explain what it is in
the system that is blocking the use of technology today, and how that blockage can be
removed. Somie of the ideas may be untamiliar; some may be uncomiostable. That s
inescapable. 1f conventional ideas could work they swould have worked by now. The
persistence of the problem after all the conventional efforts hove failed drives us to

new approach.

9.2
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The Major Elements of the System

Il is unconventional to have a project that attempts to pull together all the major
clements in education. Far too much of the simprovement’ or ‘reform” discussion looks
at only one element at atime, It is good to look at them all together: and at their inter-
relationships.

New Learning Methods

Some people are interested mainly in new ideas about how kids learn, and should
be taught. They offer proposals for changing schooling, Some of these proposils imply
or require a change in structure: some o not.

The traditional model. still dominant today, is group instruction, in which kids are
taught facts and skills, by a teacher. The teacher is active: the kids kirgely passive. The
instruction is mainly verbal. The classroom is competitive. The new maodel now being
asserted calls for experimental or problem-hased learning, in which kids work individu-
ally or in small groups. with the teacher functioning essentially as the “coach. Instruc-
tion is varied, to fie different learning styles, and the dassroom is cooperative.

New Technology

Some people are interested in technology Gas the term s used in this project, what
ceonomists call *capital). Traditionally the equipment for learning has been the book,
the pencil and the chalkboard: Later film and television; now increasingly the computer
and disc. Again: Some of the proposals to expind the use of these new technologies
imply or require i change in structure; some do not,

As The Role of Computer Technology in Restructuring Schools (Collins, 1990)
nitkes clear, we can do different things with this technology. Students can learn simply
how to uperate the machines and programs. Or they can learn how to create computer
programs. Or they can learn how to use programs. treating the programs as tools, Or
they can learn from programs, teating the program as the teacher. Or they can learn
with the programs, treating the programs as a situation in which they are to make
decisions and solve a problem,

Restructuring and Reform

Some people are interested in structure — the institutional arrangement within
which people come together. with their technology and their ideas about learning, to
form what we call 'school.” This is an immensely complex topic. There are different
patterns of organization, different allocations of roles and responsibility and different
forms of governance.  Any pattern can be organized at different scales.

The structure of public education has been fairly standard and relatively un-
changed since the carly years of the century. 1tis politically governed:  essentially the
responsibility and creation of the state, which regulates the system, but with schools
owned and operated (and teachers hired) by local units (sometimes units of general
government, sometimes special districts).

Itis a districted system: Schools have boundaries. Scale varies, but has been
increasing.  Itis a bureaucratic system, something like the military: There is line and

Ted Kolderie: Structural Change
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stalf, andl a hierarchy of aathority. Schools are administrative usits of the districts.
Teachers are employees of the district (now usually unionized). Families niy choose
where they will live, but thereafter must attend the schools of the district in which they
reside. “The service is free: tinanced partly by local taxes and partly by aid from the
state. On principle, no fees are charged.

Within the school, children are usually grouped by age and move from “grade’ to
grade from year to vear. The classroony is self-contained in the primary years; speciil-
ized beyond about the sixth grade, At the secondiry Tevel the day s divided into
periods of about 50 minutes cach. Students move from subject to subject, from period
to period. The classroom is under the control of the teacher. The school is under the

control of it (now, usually non-teiching) “principal.”

The Relationship Among the Elements

r['hc clements of the system are internally consistent and mutually reinforcing. In the
sume way that certain plants and aninials and terrain and climate form a natura! ceol-
agy, the learning methods and technologies and structares form a kind of “ecology” in
the institutions of education. The idet that leaming is “delivered” by the teacher fits with
the technology of the testbook and worksheet. Its prevalence refledts the structure of
the system in which decisions about method and the use ol resources are mirde outside
the classroom,

Because the elements Gind the people) form an interconnected system, changes
in any one clement almost always imply or require changes in the others as well. If the
sccondiry chinges do not ocear. the attempt to change the priniry clement nvay Luil.
The elfort to change technology often fails hecause the methods and structure — and
the people — do not change, in response.

This was essentially the finding from Mare Tucker's work for the Carnegic
Corporation about the use of computers in schools: “The technology wis bought and

physically introduced. but not used as intended.

Inside the schools idministiators were Fieed with e difemnia, On the one hand
parents were demanding that schools respond to the revolution” in computer technolo-
gies: on the other, the majority of the teachers were skeptical, even hostile, about the
idea. School administrators chose the middle path through the dilemma. They found q
waty 1o ke the computer available to the enthusiasts, while making the smallest
possibie demands on those teachers and students whose enthusiasn was limited
(Carnegic Corporttion, 1985).

Systems other than education work differently, with their elements adapting casily
to changes at:any point. Sports is i good example. There are periodic changes i the
technology: the equipment with which the game is played. The people and the
methods =--and in time the rules — adiapt to these. Changes in the method such as
the T-formrtion in foothall) produce changes in personnel, Sinikarly, changes in people
produce changes in methods —- and in rules: Witness the arival of the *big man’ in
baskethall, There are also changes over time in the structure — the rules about whin
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the coaches and players can and cannot do. The rules are continually adjusted by the
goveming body of the sport to maintiin or to improve the quality of the game.

People do continually try to chitnge one or another of the various elements in
education:  learning methods, technology, the rules of the system, the people,

Some of the efforts are private efforts: business firms and foundations write
chedks to superintendents to finance rescarch, development and the demonstration of
various innovations they hope will spread. They also finance private demonstrations. in
the hope these will be copied by the public schools, And there is much exhorting of
cducators to change. These eftorts are sometimes sponsored by compunies selling
technology.  Usually, however, cach effort works on one of the elements at a time. The
computer companies, for obvious reasons. are wary of the controversy that would be
vaused by proposals tor radical chinges in system-structure,

Some of the efforts are public-policy efforts, These are often focused on the
structure — the “rules” — because that is mainly what public policy contrels. But states
do also try from time to time to change people (better training) and to demonstrite new
methods or new technologies. it not te mandate their use, The state sometimes in-
creases the funding of the system, in the hope this will cause districts to change their
schools, And the state sometimes tries to mandate the district to change. It can also
adjust the structure of the system in ways that wil' induce districts and schools to
change.

The Problem of Changing the System

T]e difficulty with these etforts should by now be fairly obvious. Mandates are
limited in their eftect. There is a strong tradition of local control that treats decisions as
decisions to be made by the districts. Money also has its limitations.  Districts may be
happy to do what the state is willing to pay for. But the state cannot casily pay for a
computer for every child on top of what it is currently spending, especially when
teachers press so hard and so effectively for any available funds to come to them in
salary.

Miking change requires getting “consents.” For a change it wants, the state must
get the district's and the teachers” consent. For a change it wants, the district must often
get the stue's and the teachers” (or the union's) consent, For a change they want, the
teachers must get the district’s consent. Change means getting permission.”

In many cases permission is refused because the change would be unsettling to
the organization or to individuals in it. The new technology, for example (when used
as it should be used) implies the teacher becoming a facilititor. So do certun of the
new and different learning/teaching methods. These in turn might require the district to
aceept a change in its curriculum, reducing the amount of material covered (Public
Scrvices Redesign Project, 1984). These changes are deeply unsettling.  Not all weachers
see themselves — or know how to function — as coaches.  Large schools may feel that
their long course list is their ‘quality” education. Most districts do not have extra moncey
for technology and would not consider taking existing resources away from teachers.

Ted Kolderie: Structiral Change
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This resistance is a problem within education as the system has traditionally been
organized. The fact of this in-built resistance is not in controversy. One major study of
American schools said plainly, “The cards are stacked against innovation” (Goodlad, 1984).

Education is, as noted, a political system, Itis oriented to the majority, and to those
most influential politically.  Educators make sure schools work well for these constituen-
cies, This is reflected in surveys that show the majority of Americans generally satisfied
with their schools, The system provides middle-class suburbs with control over their own
schools, The people for whom the schools work badly are a minority in cach state, and
are segregated locally into *their own® districts,

Itis also a labor-intensive system. Proposals (usually from management) to intro-
duce technology are examined carcfully by teachers and their organizations to make sure
they do not affect teacher interests adversely. This is reflected in proposals offered (for
example, in bargaining in Minnesota) that would: () limit the size of telecommunications
classes to 13 students; (D) require the district to grant additional preparation time: (¢)
prohibit a district from requiring a teacher to teach a televised course; (d) require the
district to offer the course on the basis of seniority; (¢) prohibit a district from putting any
teacher on unrequested leave of absence if he is licensed in an area in which the district is
offering or receiving a course via telecommunications; and (f) require the district to
provide a teacher also at the remote (receiving) site, who will be responsible only for
student behavior at that site and who may not be assigned to this duty during prep time
or when performing other duties (i.e., nurse, librarian, ctc.).

Smaller districts in sparsely-settled areas feel a need to introduce technology (e, to
use computerized instructio) not felt by larger districts with greater resources to hire
teachers. Teacher organizations are sometimes heavily involved in pressing states to
enlarge the scale of district organization — to consolidate small districts into Larger ones,
to provide a stronger tax base better able to afford teacher salaries. The effect if not the
intention is to remove a pressure for the use of technology.

But the most important resistance comes out of the basic structural arrangements in
the system,

The schools are under the control of districts. The district makes decisions about
learning/teaching methods and technology. 1t controls the people, the curriculum and
learning program, and the money to introduce technology on a widespread scale, The
states do not make decisions about technology. Nor do the schools. The districts do.
Typically districts spend their available funds to enrich the existing teacher-oriented
learning mcthodology and the teaching-oriented technology. This is rational under
existing arrangements,

The district could change its schools — change its technology — but has no reason
to do so.  Customers are required by law to use its services. Costs are fully covered by
tax revenues; appropriated to the district by local voters or by the state. And the bound-
aries in the system provide the district with an exclusive’ that relieves it of the need to
change.

It is the perverse incentives created by the districting of the system that *stack the
cards’ against innovation, In plain words, the structure of the system creates @ situation in
which -= because the district can take its students for granted —— change becomes unnec-
essary.

0
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Persons interested in technology need to see clearly the fuli implications of the
curient system-incentives: change is unnecessary even where it would improve the
education of the students. The existing structural arrangements mean that for the
districts practically nothing depends on whether students learn, These arrangements
guarantee the district, and the people in it their continued existence, their students,
their revenues, their jobs, their security — miost of their material success — independent
of the level of student success.

Proposils — including proposals to use technology — that might increase student
success are therefore evaluated in the system very largely in terms of the other effects
they might have — in pliin words, in terms of the degree to which they might ‘upset’
existing, comfortable arrangements. This is reflected in the common observation of
teachers and others in education that pushing for change is hard — that change is a
risk. And, as George Young noted i an article about the problem of introducing
computer technology, when a superintendent in Saint Paul, Minnesotit: “Institutions
have lives of their own. They resist change. Change is a threat. They have strategies for
resisting change. It those strategies do not work, and change is introduced, they have
other strategies to neutralize the change” (Young, 1981).

None of this is a criticism of the people in education; many of whom aceept lower
rewards, poorer working conditions and a more difficult assignment than employees in
other ficlds because of their commitment to children, 1t is a criticism of the system in
which they have been placed, which presents them with a structure of incentives — of
opportunity and reward — that imposes the risks on those who do try to improve and
that supports those who do not.

This analysis has been laid out more fully elsewhere (Kolderie, 1990). hs implica-
tions for policy are resisted by persons in public education, but the analysis itself is not
basically disputed. From any of several standpoints — the nead to improve student
learning, the need o rescue children in inner cities, the need to realize the potential of
technology — the present system s a bad system. Its incentives are not aligned cither
with the interests of the nation or with the needs of the students,

A Strategy for Encouraging Innovation

Tlcrc needs o be a new strategy for introducing and expanding technology in
cducation. Simply explaining to educators the potential of new technologies and new
learning methods will not be ensugh. Smply marketing these ideas to superintendents
and curriculum dircators will not be enough. Simply exhorting people to do what they
have no reason to do will not be enough.

Results are not zero: There are demonstrations, and some adoptions. But the
results are not adequate. Worse: even where introduced the technology is not used as
it should be used. In some cases districts that buy a computer-reading program use it as
a supplement, while they continue also to wach reading in the traditional way. And
some computer echnology is marketed to teachers not to individualize instruction or to
make the students more active, but explicitly on the a surance that it will permit teach-
ers 1o maintain (and to enhance) their traditional control of full group instruction.
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Clearly. the condition necessary for the widespread use of new technology and
new learning methods is o prior change in the basic structure of the system of cdudi-
tion. which will introduce both incentives and opportunities tor the people in the
system to welcome these chinges., in their own interest.

several efforts have been made. or proposed. in recent years o restructure
cducation.

The best-known is the effort at school-site tor school-hased) management. The
idea builds off the research that concludes that the school should be the unit of im-
provement, The board and superintendent would delegate to the school the authority
to make the instructional decisions, give the school its resources tmoney. people. time,
cte) as a block and hold the school accountible in terms of student perforninee. I is
an appealing idea, has been aggressively promaoted. and is conmonly recommended by
committees — iind journalists — s way to improve petfornsnce, and to encourage
innovation.

The pedomunce is not. however, up to the promise. Many boards do not want
to nutke a real delegation of meaningtul authority to the school. Some schools do not
want to aceept such o delegation. Teachers are often unenthusiastic about taking on
what they see as management roles, Parents, principals and teachers are often in
contlict over who would control whatever authority would come to the school. In
practice not much gets delegated. And there is not ot of evidence that even what
does is used to change what happens in the classroom. Arguably it is a debate among
adults, about control (Kolderie, 1988).

In its conventional form the site-management idea does not chinge the fundamen-
tals. Tt provides little oppertunity for change: and less incentive. The cards are still
stacked agalinst innovition.

The eritical change that is needed in structare is not within the district or within
the school. The eritical change that is needed is in the state system, beyond the district.

This is a radically non-traditional view of the problem in education, and one not
much shared by persons long in the system and comtortable in the institution. But it
should be apparent quickly to persons interested in changing education thit their
interest is precisely in actions —even it radical — that will enlarge the system-capacity
tor change. '

More than this: they should see too that the prospect tor new technology and
new leaming methods would be greatly increased it it were possible not simply o re-
form existing schools but also to create new different and better public schools, New
schools would create i market for new weehnologices and new approaches, while at the
same time stimulating, the existing schools to introduce the same innovations them-
selves.

The 'state system’ can be changed only by the state. Currently, only the local
hoard can start i public schenl; and the local board is unlikely to go into competition
with itselt. The state would have to act to ke it possible tor some other public body
to offer public school on the same picee of ground.

such an action is within the authority of the states, and has in fact been suggested
to grovernors dis iniction they might tike to implement the national goals tor education
(Nationat Governors” Associition, 199%0),

0y
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Two actions ure necded. The first is to make it possible tor news public schools to
appear, which students can choose. The second is to make it possible for teachers to

own the schnols,

New Public Schools

The conclusion from rescarch that the individual school should increasingly be the
unit of improvement has been given o substantial boost since about 1987 by the grow-
ing policy advocacy for school choice; most recently, by the book arguing for a general
system of o autonomous” schools (Chubb and Moe, 1990), This is closely associaied,
however, with the effort to mike non-public schools cligible for public funding, That
strategy uses existing schools as altermative schools. Tt does not, as aresult, provide an
opportunity to start schools new.

To provide the opportunity to design and build new and different schools from
the ground up’ the state will necd to authaorize public bodies other than the tocal school
district to start, or sponsor (e, contract with) schools, The local district is unlikely to

start innovative schools that would compete with the schools it presently owns,

The ~other body™ might be a local school disrict, opening aschool in the territory
of another. Or it might be a college or university, as an extension ol its educational-
research or teacher-cdudition program. Or the state itself,

The state would of course at the same time nike these new schools “schools of
choice™ for students.,

The issues involved in imiplementing such a strategy would have heen dealt with
clsewhere. The meclanics of how it would work are important, but not central. There
are several possible answers to cach of the major questions: aind ditterent states cin
appropriately come to different decisions. What is central is the need for such astrategy
— for the state to remove what las suppressed technological and other innovation, by
withdrawing trom districts the assurance that they can take their students for granted
(Kolderie. 1990),

Schools Owned by Their Teachers

The new learning-organization — whether literally a whole school, i group of
schools or parts of a school G depatment, a program or a grade leveD — would e an
independent entity. Such an organization could take any one of several torms, under
the aws of most states. The way should be open for the new learning-organization to
be formed and owned by educitors and by teachers. This is important 1o create the
incentives for the introduction of new leaming methods and new technology:.,

Teachers” influence is critical on decisions about introducing — and especially
about using — new technology and new methads. Little incentive exists today for them
to change the instructional process in their classtooms:  used toits potential, the new
technology implics a nutjor chinge in the role of the wacher, There may be afear that
the machine will hecome the teacher,” Taeachers weere trined to feel that Kids leiin
from them. They hear the argument that they will fect rewarded when kids do better
Cpsychic payof). And nuny teachers do respond positively to this: professional pride
is real. But as a public strategy this essentially exploits their altruism, It provides
teachers with little tangible reward.
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And no opportunity. Even it persuaded by the potemial of new technology
teachers have litte ability to act. Under present arrangements decisions about technol-
ogy are in the hands of management; requiring an authority and a control over re-
sources which the teachers do not possess.

And in ally it is entirely understandiable that teachers tike little initiative to seek
new methods and new technology.

This situation derives, however, from the traditional structure of education, which
requires ateacher to be an employee. There is no inherent reason why teachers must
be employed: in most service and information ficlds people have at least the option to
wark in a professional way, for themselves: alone or with partners in groups, But i has
been traditional in education, in private schools as well as in public, that if you want to
be ateacher you have to be an employee,

The challenge tor those interested in new methods and new technologies is to tap
the potential for innovation and for productivity present in the idet of reuniting owner-
ship and work. A provocative article by Max Geldens and Norman Macrae offers an
important perspective on this question of incentive (Economist, 198:49) and nukes clear
the important implications.

They begin with a simple model of the evolution of the cconomy: from farmer to
waorker to clerk,

When most people worked in agriculture, they note, the worker and the owner
were one and the same. So new methods and new technologices that made work both
casier and more profitable were taken up quickly.  Agriculture was modernized.
Productivity rose dramatically. Farmers became fewer but enormously better off. And
saciety was better off.

In the industrial era scale enlarged. and ownership and work came to be sepa-
rited. Steel mills and railroads and automobile factories came to be owned by organizi-
tions of capital. The workers became employees, New technology that improved
productivity provided benefits to the owners. To protect their jobs the workers initially
‘went Luddite,” resisting new technology, When this failed they organized to fight with
cmployers for ashare of the gains from technology,  In this situation and out of this
expericnce workers in nany ficlds renain skeptical today about new technology.

The question is: which of these two previous stages is the information/services
ceonomy more like?

Inherently the service and informiation activity would seem to be like farming;
The capital requirements are very low, and the workers could clearly be the owners. In
niny sectors the new information workers do in fact work for themselves: Liwyers,
doctors, accountants, engineers, rchitects and especially people in the arts and commu-
nicitions,

Education is the conspicuous exception: a system organized classically on the
industrial-cra model with large organizations (Chicago has almost 600 schools; New:
York City almost 1000) in which ownership and work are separated. The workers are
cmployees, trapped in niny cases in what are essentially dead-end jobs, They are
skeptical of new technology. And there is no equivalent, in this public and political

system, of the imported automohile,
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Itis harcl o feel that education could not also be arrnged as a system in which,
because the workers are the owners, productivity improveiments are encouraged. That
— again — is the strategic change in system-structure needed to encourage the spread
of new leaming methods and new leaming teehnology

A mitjor part of the current push for restructuring” educition involves upgrading
teachers to true professional stitus. The test of a professional hov.ever, is to control his
own work — to be able to say, “tell me what you want done: Don't tell me how to do
it. I know how to doit.”

A group of teachers might own a whole school; or i group of schiools or a part of
itschool. “They would be capitated with a per-pupil amount, allowed to make decisions
on technology and on the methad of instruction, and would be able to keep — cither
for use in the program or s personal income — what they did not need to spend.
The ine ntive for them would be to move toward changes that would improve student
learning, that would not require them to spend money they could otherwise keep, As
teachers themselves say, this means: toward individualized study, toward parent
involvement, toward differentiated stalfing, toward new learning methods and (though
this is not cost-less) toward technology (Kolderie, 1982),

[t will puzzle and frustrate many of the organizations in the ficld of leaming
technology — certainly the companies selling computer hardware and software — to e
toldl that the market must first be restructured in ways that will involve them selling to
teachers, That nay be, however, what is implicd. Tt will not be casy. But it can be
done — probably by working through a new organization which they do not control
directly,

The Urgency of This Change

E\'cn'nnc interested in expanding the use of new learning methods and new tech-
nologies in education should think through the implications of the prospective resigna-
tion and retirement of akarge proportion of the teacher and administrative cadre during
the 1990s,

This turnover appears to be real (Darding-1ammond, 1984), The concern s that it
will not be possible to find a million quality replicements; and that as aresult the
competence of the system will fall — worst in the cities that need improvement the
Most.

Note that this concern is commonly phrasedd in terms that assume the traditional
methods of teaching: the talk s in erms of “finding people.” “Those involved debate
whether there will be enough or not, of the right quality or not, and whether we cin in
time train or redain the replacements.” 1t is almost eatirely conventional thinking,
which assumes that education will continue to be and must necessarily: be i labor-
intensive adtivity.

Itis not clear that the persons and the organizations interested it new methods
and new technologies have hecome elfectively involved in this question sibout the
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teacher supply — inhereatly aquestion about the system ol instruction for the future —
any more than they have been involved in the debate over systemstructure,

They should be, The prospect is Dleak that, on e national basis and especially m
the cities, enough quality recraits can be found. TCwould almost be worse i they could
be found: The reserve pool would supply teachers rained in traditional methods and
the teacher-training institutions cannot conceivably be reoriented in time. Alternative
paths into teaching can open up only slowly., 1F the systen is simply re-stalfed” with
tradditional people the opportunity o introduce new technologies may be effectively
toreclosed for another generation.

The great opportunity is to reset the dedinition of ‘the coming crisis in waching” —
to get people to see this turnover of the cadre as an opportunity to break with the okl
Libor-intensive concept of schooling by making it in the interest ol the teachers them-

selves to shilt the mix of Labor and capital in the system as the trmnover in st ocears,

In Conclusion

EI’I’(ms to change and to improve leaning methods and technologics in education
will not suceeed i they rely on missionaries preaching the potential of the “black box!’

and onattempts to persuade administrators o do things they find personally difficult

s institutionally unnecessary, simply because these are important for the country and

pood tor Kids.

The effort must become strategic. The people and the organizations involved in
the effort need to operate from an understanding that the present structure ol education
presents absolutely fundamental obstadles to the change they are ving o bring about,
Nothing in the system now nitkes improved technology or learning methods necessary.
The steategy must be to restructure education in ways that will make improvement
necessary. so that districts and schools will move alfirmatively toward innovations, in

their own interest and from their own resources,
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